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Page  1  of  78 

DEVELOPMENT  OP  {hi  text  +  31  illustrations) 
ANTENNA  GHOUF  and  73  pages  for  addendums 
0A-1227(XE-1)/TPS  A  through  J 

(I.3  text  •¥  30  illustrations) 

SECTION  1.  PURPOSE 


The  original  purpose  of  Contract  DA-36-O39  SO -74866  was  the 
development  of  a  high  power,  L-band  antenna  to  provide  increased 
range  capability  and  high  angle  coverage  for  Radio  Set  AN/TPS-ID. 

An  IFF  channel  and  provisions  for  operation  with  high  power  radars 
(up  to  two  megawatts)  were  to  be  included. 

Ihe  equipment  to  be  transportable  in  two  transit  oases,  each 
designed  to  fit  on  an  M-35  truck  or  equivalent.  The  transit  oases 
to  provide  stowage  for  the  antenna  reflector  sections,  feedhom 
assembly,  antenna  pedestal,  cables,  tools  and  mounting  components. 

The  equipment  to  be  designed  in  accordance  with  Signal  Corps 
Taehnloal  Requirements  SCL-5296.  Service  conditions,  in  accordance 
with  the  speolfloatlon^ to  Include  operation  in  high  winds,  urder 
severe  icing  conditions  and  in  extremely  low  temperatures. 

Primary  power  for  the  antenna  drive  to  be  furnished  by  an 
external,  diesel  driven  engine  generator  (GFE)  delivering  three- 
phase  6d-cyole  ac  power.  Synchro  reference  voltages  (115-volt,  60- 
cyole  and  115-volt,  400-cyele)  to  be  obtained  from  the  associated 
radar  set. 

Initially  the  contract  and  specification  only  covered  develop¬ 
ment  of  Antenna  Group  0A-1227(XE-l)/TPS,  Ohe  contract  and  specifi¬ 
cation  were  subsequently  amended  to  provide  coverage  of  antenna 
operation  with  Radar  Surveillance  Shelter  AN/GSS-1. 

Davelopraent  of  Antenna  Group  0A-1227(XE-1)/TPS  is  covered  in 
task  A  of  this  report  and  the  necessary  modifications  to  the 
shelter  in  task  B,  The  two  tasks  were  further  subdivided  into  the 
following  phases  and  parts,  details  of  idiloh  will  be  found  in 
.  Section  4f  Factual  Data. 

TASK  A  -  ANTENNA  GROUP 


[ASE  1. 

RF  SYSTEM 

Part  a. 

Reflector 

Part  b. 

Feedhom 

Part  0, 

Rotary  Joint 

Part  d. 

Coax-to-Waveguide 

Transition 

Part  e. 

RF  Cabling 

In 
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TASK  A  -  ANTENNA  GROUP  (Cont'd) 


PHASE  2. 


CIRCUITRY 


Part  a. 
Part  b. 
Part  0. 
Part  d. 
Part  a. 
Part  f. 
Part  g. 


Contactor  Box 
Antenna  Control  Box 
Antenna  Drive  Motor 
STnohro  Aaaembly 
Lubrication 
Pressurization 
Cabling 


PHASE  3. 


TESTING 


PHASE  i|.. 


MECHANICAL 


Part  a. 
Part  b. 
Part  c. 
Part  d. 


Antenna  Pedestal 
Transit  Cases 
Installation  Accessories 
Miscellaneous 


TASK  B  -  SHELTER  MODIFICATION 


PHASE  1. 


CIRCUITRY 


Part  a.  Interconnection  Box 

Part  b.  Cabling 


PHASE  2. 


MECHANICAL 


I 

I 

1  . 
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SECTION  2.  ABSTRACT 


The  development  of  Antenna  Group  0A-1227(XE-l)/TPS  (task  A) 
consumed  a  total  time  of  approximately  three  years.  Development 
of  the  shelter  modification  (task  B)  was  much  simpler  and  added 
approximately  six  months,  making  a  total  development  time  of 
approximately  3-1/2  years. 

The  first  two  teat  models  are  alike  and  employ  fuses  for  pro¬ 
tection  in  the  three-phase,  60-cycle  power  lines.  To  improve 
reliability  and  provide  simultaneous  opening  of  the  three  power 
lines,  the  subsequent  five  teat  models  (serial  numbers  3  through 
7)  are  provided  with  a  circuit  breaker  in  place  of  the  above  fuses. 
In  addition,  minor  control  circuit  modifications  were  effected  on 
the  last  five  equipments  delivered. 

The  antenna  reflector  contour  and  size,  is  based  on  an  existing 
fixed  station  antenna  (Antenna  OA-1124/^PS ) ,  The  sectlonallzation 
of  the  reflector  and  design  of  support  and  feedhom  assemblies 
(Task  A,  Phase  1,  Parts  a.  and  b.}  were  subcontracted  to  the  Donald 
S.  Kennedy  Co.,  Cohasset,  Massachusetts. 

Design  of  transit  cases  was  also  subcontracted  to  the  Donald 
S,  Kennedy  Co,,  since  the  bulk  of  the  items  to  be  stowed  (i.e,, 
reflector  sections,  feedhorn  assembly  and  reflector  and  feedhom 
support  assemblies;  were  being  designed  by  them. 

The  antenna  pedestal  was  designed  by  Hazeltlne  for  transporta¬ 
bility  and  to  comply  with  the  other  specification  requirements. 

The  balance  of  the  components,  with  the  exception  of  the  coax- 
to-wavegulde  transition  (subcontracted  to  Diamond  Microwave  Corp.), 
were  designed  by  Hazeltine  and  its  subsidiary,  Suffolk  Products  Corp, 

Problems  encountered  in  the  design  of  the  reflector,  feedhorn, 
rotary  Joint,  ooax-to-waveguide  transition  and  rf  cabling  are  dis¬ 
cussed  in  Phase  1  of  Task  A,  Control  circuitry  problems,  for  tho 
antenna  group,  and  their  solutions  are  discussed  under  Phase  2  of 
Task  A,  and  shelter  modification  circuitry  under  Phase  1  of  Task  B, 

Problems  which  were  strictly  of  a  mechanical  nature,  such  as 
transit  eases  and  soil  anchors,  are  discussed  in  detail  in  Phase  4 
of  Task  A  and  Phase  2  of  Task  B, 
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SECTION  3.  PUBLICATIONS,  LECIURBS,  REPORTS,  CONFERENCES 


PUBLICATICNS. 

(1)  Contract  DA-36-0 39  SC-7U666. 

(2)  Signal  Corps  Technical  Requirements  SCL-5296. 

(3)  Design  Plan  for  Antenna  Group  0A-1227(XB-1)/TPS, 
Haaeltlne  Report  no.  5227. 

(1|.)  Operating  and  Performance  Testa  on  Antenna  Group 
0A-1227(XE-1)/TPS,  Hazeltlne  Report  no.  5122. 

(5)  Technical  Manual  for  Antenn  \  *roup  0A-1227(XB-1)/TPS, 

(6)  Supplement  to  Technical  Manual  for  Antenna  Group 
0A-1227(XB-1)/TPS. 

(7)  Revised  Coverage  for  Antenna  0A-1124/PPS(  )  dated 

19  September  1956. 

(8)  Production  Tests  for  Antenna  Group  0A-1227{  )/TPS, 
Hazeltine  Bleotronics  Division  Teat  Procedure  651;-A. 

(9)  Technical  Proposal  for  Design  and  Construetion  of 
Antenna  Group  0A-1227(  )/TPS,  dated  k  January  1957» 
Report  no.  52C7. 

CONFERENCES. 

(1)  Evans  Signal  Laboratory,  Belmar,  New  Jersey,  3  October 
1957*  Attended  by  Signal  Corps  and  Hazeltine, 

Resume 


a*  Clarification  of  items  in  speolficetion. 

b.  Discussion  of  design  philosophy. 

(2)  Hazeltine  Electronics  Division,  Little  Neck,  New  York, 

10  October  1957.  Attended  by  Signal  Corps  and  Hazeltine. 

Resume 

a.  Interpretation  of  specification  on  method  of  input 
to  rotary  Joint. 


In 
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b.  Type  of  lubricating  oil  to  be  used  in  the  pedestal. 

(3)  0.  S.  Kennedy  &  Co.,  Cohaseet,  Massachusetts,  23  October 

1957*  Attended  by  Signal  Corps,  Hazeltine  and  Kennedy. 

Resume 

a.  Construction  and  size  of  transit  oases. 

b.  Design  of  feedhorn  and  support. 

0.  Erection  of  the  reflector  assembly. 

d.  Calculation  of  torque  requirements. 

(U)  Hazeltine  Electronics  Division,  Little  Neck,  New  York, 

21  November  1957*  Attended  by  Signal  Corps  and 
Hazeltine. 

Resuma 

a.  Method  of  unloading  transit  cases  from  trucks. 

b.  Erection  assembly  sequence. 

c.  Availability  of  rf  cable. 

(5)  Evans  Signal  Laboratory,  Belmar,  New  Jersey,  9  January 
1958*  Attended  by  Signal  Corps  and  Hazeltine. 

Re  sume' 

a.  Discussion  of  Design  Flan  for  Antenna  Croup 
0A-1227(XB-1)/TPS,  Hazeltine  Report  no.  5122. 

b.  Amendment  of  specification  specifying  1/2  megawatt 
transmission  line  to  pedestal. 

c.  Signal  Corps  intent  to  change  specification  to 
specify  operation  with  shelter  AN/css-1  instead  of 
AN /TPS -ID  ground  radar. 

(6)  Evans  Signal  Laboratory,  Belmar,  New  Jersey,  22  January 
19^7*  Attended  by  Signal  Corps  and  Hazeltine. 

Resume 

a.  Presentation  of  list  of  exceptions  to  the  specifica¬ 
tion,  by  Hazeltine,  due  to  additional  items  required 
by  the  Signs''  Corps,  prior  to  approval  of  the  Design 
Plan. 
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b.  Further  dleoueeion  concerning  use  of  Antenna  Group 
0A-1227(XE-1)/TPS  and  shelter  AN/GSS-1. 

(7)  Hazeltlne  Electronics  DlvtaloUi  Little  Neokf  New  York, 

27  February  19^8,  Attended  by  Signal  Corps  and 
Hazeltlne* 

Resume^ 

a*  Discussion  of  Design  Plan  Approval* 

b*  Limitation  on  use  of  M-35  trucks  in  transporting  and 
unloading  of  transit  cases* 

(8)  Hexagon  Building,  Fort  Monmouth,  New  Jersey,  13  March 
19^8*  Attended  by  Signal  Corps  and  Hazeltlne* 

Resume^ 

Use  of  truck  M~3^  for  transporting  transit  cases* 

a*  Possible  drop  test  modification  due  to  provisions 
for  top  lift  only* 

b*  Use  of  special  Jacks  under  front  bumper  during 
unloading  to  limit  strain  on  front  axel, 

c*  Attachment  of  ”A"  frame  to  front  bumper, 

(9)  Evans  Signal  Labs,  Belraar,  New  Jersey,  26  March  1958* 
Attended  by  Signal  Corps  and  Hazeltlne* 

Resume' 

Requirements  for  modification  of  shelter  AN/GSS-1  for 
use  with  Antenna  Group  0A-1227(XE-1 )/TPS. 

(IC)  D*  S*  Kennedy  Co*,  Cohasset,  Massachusetts,  22  April  1958* 
Attended  by  Signal  Corps,  Hazeltlne  and  Kennedy* 

Resumef' 

a.  Location  of  pedestal  In  transit  oases* 

b*  Discussion  on  various  tests  to  be  performed  on 
transit  cases. 

0*  Method  of  raising  reflector  Into  position* 


In 
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(11)  Evans  Signal  Laboratory,  Belmar,  New  Jersey,  29  April 
19^8.  Attended  ty  Signal  Corps  and  Hazeltlne, 

Resume 

a.  Disousalon  on  Spare  parts  for  Antenna  Group 
0A-1227{XB-1)/TPS. 

b.  Discussion  on  various  equipment  teats  to  be  per¬ 
formed. 

c.  Specifications  for  possible  lubricating  oils  were 
given  to  Hazeltlne  by  Signal  Corps, 

(12)  Signal  Corps,  Fort  Monmouth,  New  Jersey,  11  and  23 
June  1958*  Attended  by  Signal  Corps  and  Hazeltlne. 

Resume 

Request  for  contract  changes  on:  anchoring  methods; 
vibration,  drop  md  bounce  tests;  lubricating  oil  and 
modifications  for  M-35  trucks, 

(13)  Fort  Bliss,  Texas,  30  March  1959  through  16  April  1959. 
Attended  by  Signal  Corps  and  Hazeltlne, 

Resume 

Field  EvaluatlOTs  of  Antenna  Croup  0A-1227(1B-1)ApS 
and  shelter  AN/OSS-l  modification  kit, 

(11;)  Evans  Signal  Laboratory,  Belmar,  New  Jersey,  28  April 
1959.  Attended  by  Signal  Corps  and  Hazeltlne. 

Resum^ 

a.  RF  cable  difficulties 

b,  i^oxivory  schedules 

(15)  Fort  Bliss,  Texas,  15  June  1959  through  18  June  1959, 
Attended  by  Signal  Corps  and  Hazeltlne. 

Re  sumtf 

a.  New  rf  cable  (RO-19A/C)  assembly  evaluation. 

b.  Observation  of  disassembly,  erection  of  Antenna 
Group  0A-1227(X1-1)/TPS  and  operational  testa. 
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c.  Discussion  of  mechanical  difficulties  encountered 
during  evaluation  testa. 

d.  Target  Acquisition  data  and  blip-scan  ratio  recordings. 

(16)  Evans  Signal  Laboratory,  Balmar,  New  Jersey,  7  July 
1959.  Attended  by  Signal  Corps  and  Hazel tine. 

Resume 

Discussion  of  field  evaluation  tests  at  Fort  Bliss, 

Texas. 

(17)  Fort  Monmouth  Procurement  Office,  Port  Monmouth,  New 
Jersey,  22  September  1959.  Attended  by  Signal  Corps 
and  Hazel  tine. 

Resume 

Discussion  of  design  and  contractual  problems. 

a.  Compatablllty  with  Radar  Set  AN/UPS-1, 

b.  Packaging  of  running  spares,  and  shelter  AN/OSS-1 
modification  kit. 

c.  Modification  of  Antenna  Croup  0A-1227(XE-1)/TPS  in 
accordance  with  findings  at  Fort  Bliss,  Texas. 

d.  Addendum  to  instruction  books  to  reflect  modifi¬ 
cations. 

(10)  Port  Monmouth,  Port  Monmouth,  New  Jersey,  27  September 
196C.  Attended  by  Signal  Corps  and  Hazeltlne. 

Resume 

Review  of  corrosion  on  Antenna  Croup  0A-1227(XE-1)/TPS. 
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SE  CTI ON.  u .  FACTUAL  DATA 


INTRODUCTION 

As  outlined  In  Section  Purpose,  this  report  divides  the 
development  of  Antenna  Group  0A-1227'!XE*'l)/TPS  into  two  tasks; 

A  -  Antenna  Group,  and  B  -  Modlficatlw:  of  Shelter*  Task  A  Is 
subdivided  Into  five  phases,  with  phases  or.'  ''.nd  three  being 
further  divided  Into  two  parts  each  and  phase  two  into  seven  parts. 
Task  B  Is  subdivided  Into  two  phases,  with  phase  one  being  further 
divided  into  four  parts. 

The'  following  factual  -data  is  presented  In  the  same  order  as 
outlined  In  Section  1,  The  overall  schematic  diagrams  (figures 
28  and  29)  are  supplied  for  reference  to  show  the  electrical  ties 
between  the  pedestal  and  shelter  AN/GSS-1,  Figure  1  shows  Antenna 
Group  nA-1227(XE-l )/TPS  erected  and  ready  for  service, 

TASK  A.  ANTENNA  GROUP 
(See  figure  L) 

Antenna  Group  0A-1227(XE-1 )/TPS  is  a  high  gain  transportable 
antenna  system  designed  for  use  with  Radar  Set  AN/TPS-ID  as 
Installed  In  Radar  Surveillance  Center  AN/GSS-1.. 

PHASE  1,  RP  SYSTEM 
(See  figure'  2) 

The  rf  syatefii, for  the  antenna  group, transmits  and  receives 
both  search  radar  and  IFF  signals.  The  radar  pulses  at  12$0  to 
I35G  negacycles,  from  the  AN/TPS-ID  reoelver'-transmltter  units 
(RT-212/TPS-1D)  are  fed  through  coaxial  cable,  to  the  coax  to 
waveguide  transition.  Then,  through  the  rotary  Joint  to  the  feed- 
horn. 

The  IFF  pulses, at  1C2C  t  I8  megacycles  or  IICG  t  16  megacycles 
are  fed  from  Receiver-Transmitter  RT-211/TPX  through  the  shelter 
Interconnecting  box  and,  via  coaxial  cable, to  a  coaxial  connection 
on  the  bottom  of  the  rotary  Joint,  Prom  the  top  of  the  rotary 
Joint, another  coaxial  cable  feeds  the  IFF  signals  to  the  feedhom 
coaxial  oonneotlon. 

Difficulties  were  encountered  In  meeting  the  specification 
requirements  for  the  voltage  standing  wave  ratio  (VSWR) ,of .  1,3  to 
l,at  the  Input  to  the  rotary  Joint,  and  1.5  to  1  from  the  output 
of  Radio  Set  AN/TPS-ID.  The  difficulties  were  overcome  by  hpldlng 
the  eoax-to-wavegulde  transition,  rotary  Joint  and  feedhom  to  very 
strict  tolerances.  The  VSWR  measurements  of  the  first  test  model 
are  provided  in  addendum  A  of  this  report. 
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Part  a.  REFLECTOR 

1,  General 

^See figure  3J 

The  reflector  .is  approximately  feet  wide  and  11  feet  high  , 
and  produces  a  search  radar  horizontally  polarized  beam^ approxi¬ 
mately  1»7  degrees  wide  and  6,0  degrees  high.  The  reflector  has 
a  parabolic  trough-type  configuration  and  produces  a  cosecant 
squared  pattern.  The  IFF  beam  produced  Is  vertically  polarized  and 
approximately  1,8  degrees  wide  and  7*5  degrees  high.  Antenna  coverage 
tests  are  given  in  addendum  B  of  this  report. 

The  reflector  is  constructed  in  eight  sections,  designed  for 
easy  assembly  and  disassembly  (see  figure  4)* 

2,  Design 

The  Contour  and  size  of  the  reflector  is  based  on  fixed  station 
antenna  reflector  OA-1124/PPS{  ),  The  primary  design  consideration 

was  suitable  sectioning  of  the  above  reflector  and  supports, so  it 
could  be  quickly  erected, and  easily  stowed  in  a  small  volume  transit 
case. 

In  order  to  satisfy  the  requirements  of  a  quick  disconnect  fastener, 
that  would  support  the  large  forces  involved,  it  was  necessary  to 
design  a  new  fastener,  A  cast  fastener  of  356-T6  aluminum  alloy 
was  designed  to  support  a  static  load  of  20,000  lbs,  witti  no  appre¬ 
ciable  motion.  The  final  configuration  arrived  at  (after  tests 
at  Northeastern  University,  Boston,  Massachusetts)  is  a  tapered 
connection, with  a  20°  included  angle  on  the  male  and  female  half. 

The  line  of  force  was  designed  to  pass  directly  through  the  center 
of  the  contact  area.  The  angle  was  chosen, as  it  closely  approxi¬ 
mated  spherical  surface  at  the  diameter  used  and  had  sufficient 
friction  to  prevent  slippage.  The  final  design  held  together  under 
20,000  lbs,  of  tension  or  compression.  This  was  emphasized  during 
the  static  load  test  when  it  was  discovered  that  two  connections 
were  not  secured  in  the  reflector  support, at  points  of  maximum 
stress,  after  the  reflector  was  fully  loaded,  (The  deflections 
recorded  during  static  load  test  showed  that  the  reflector  and 
support  could  withstand  about  $0%  greater  wind  loadings  without 
pemanent  set,) 

The  next  problem  on  the  reflector  was  how  to  provide  a 
structural  dissection  that  would  allow  stowing  all  sections  in 
one  transit  case.  As  14  or  even  10  sections  presented  too  great 
a  tooling  and  attachment  problem,  eight  sections  were  decided  upon. 
Because  of  the  width  available,  a  thickness  of  eight  inches  was 
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the  maximum  depth  posaible  for  each  section.  This  depth  would 
not  support  the  load  (imposed  by  the  wind  and  ice  loading)  ade¬ 
quately,  so  an  additional  bracing  means  was  devised.  A  main 
horlaontal  truss  of  four  sections  was  provided  (of  the  proper 
section),  and  braces  were  attached  by  means  of  rod-end  bearings  to 
provide  the  necessary  pivot  arrangement.  Pour  braces  were  pro¬ 
vided  for  each  section.  The  braces  stowed  onto  the  main  truss  by 
means  of  brackets  and  Alr-Iodc  lA  turn  fastener.  During  assembly 
of  the  sections  the  cross  pin  In  the.  Kennedy  designed  quick 
fastener  repeatedly  came  loose.  The  Splrol  pins  used  were  found 
unsatisfactory  and  were  replaced  by  solid  pins  (Groove). 

Tooling  presented  many  problems.  In  oi*der  that  the  reflector 
tolerance  could  be  held  after  assembly,  it  was  necessary  to  make 
elaborate  welding  and  machining  jigs.  All  tubing  was  preout  to 
finished  size  prior  to  welding.  The  major  part  of  the  panel 
back-up  structure  was  welded.  The  welded  section  was  transferred 
to  machining  jigs,  and  all  connections  were  machined.  The  section 
was  then  transferred  to  a  screening  Jig  and  the  5/8  squarex  screen 
attached.  The  screen  Is  attached  to  the  panel  back  up  structure  by 
tack  welding  approximately  7  inches  on  center  to  all  face  tubes, 
and  secured  to  the  tube  at  the  perimeter  by  means  of  a  cap  strip, 
cherry  riveted  In  place  over  the  raw  edge.  The  section  was  then 
transferred  to  the  mold  along  with  adjacent  sections,  fastened 
together  and  final  adjustment  made  to  fit  the  surface  of  the  section 
to  the  mold  surface.  After  fitting,  the  remaining  welding  was  done 
on  the  mold.  This  welding  consisted  of  a  seam  on  telescoping 
members  that  were  clamped  in  a  predetermined  stressed  position; 
so  that,  when  relaxed,  the  proper  surface  contour  was  maintained. 

The  section  was  then  removed  and  the  screen  tlghtenec^  to  eliminate 
the  excessive  bag  between  face  tubes. 

The  horizontal  truss  and  braces  were  assembled  and  welded  on  one 
jig,  and  machined  on  another  Jig, 

The  assembled  reflector  was  checked  for  proper  alignment  by  means 
of  cross  wires. 

The  reflector  nupport  had  to  be  designed  at  a  great  structural 
disadvantage,  due  to  the  desired  location  of  the  reflector  to  the 
pedestal.  As  It  was  much  too  large  to  be  stowed  In  one  piece  It 
was  broken  down  Into  five  parts,  left  and  right  supports,  rear 
support,  front  support  and  center  support.  Due  to  large  stresses, 
the  majority  of  tubes  were  3  ihch  l/k  wall  or  3  Inch  3/8  wall 
6061-T6  aluminum  alloy.  Where  castings  of  358*T6  aluminum  alloy 
were  used,  the  minimum  wall  thickness  had  to  be  made  double  the 
tube  wall,  due  to  axial  and  bending  loads.  A  complete  stress 
analysis  and  several  models  were  made  to  satisfy  the  requirements 
of  the  loads  encountered  in  each  member.  As  the  quick  disconnect 
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Kennedy  fastener  did  not  lend  Itself  to  the  Joints  of  the  support, 
high  strength  bolts,  and  tapered  bosses, were  used  to  transmit  the 
biggest  loads.  Pivot  points  with  Heim  bearings  were  provided  at 
the  rear  of  the  left  and  right  support  to  facilitate  erection, 
Welding  and  machining  Jigs  were  used  to  fabricate  all  sections. 

Two  inner  and  two  outer  legs  (actually  trusses)  were  used  to 
connect  the  reflector  to  the  reflector  support,  Ihey  were  simply 
constructed  in  the  form  of  an  "N"  and  attached  by  means  of  the 
Kennedy  quick  connect  fastener,  A  welding  and  machining  Jig  was 
used  to  fabricate  both. 

Because  of  the  heavy  tube  wall  thicknesses  In  the  supports  and 
odd  Joints  of  tube  to  tube  connections,  many  special  welding 
techniques  vere  required  to  limit  distortion  and  provide  sound 
welds. 

The  Fort  Bliss,  Texas  evaluation  tests  revealed  minor  mechanical 
troubles  as  follows: 

(1)  The  large  one  inch  structural  bolts  used  for  assembling 
the  reflector  supports  became  clogged  during  the  tests 
an.'^  tended  to  bind  and  cross-thread, 

A  cleaning  groove  has  been  milled  across  the  threads  of 
the  structural  bolts,  this  allows  any  dirt  on  the  bolt, 
or  in  the  mating  threaded  hole,  to  roll  into  the  groove; 
thus  avoiding  Jamming  of  the  threads, 

(2)  Identification  tags  were  decals  secured  with  glue  and  fell 
off  during  the  tests. 

The  decal  tags  were  changed  to  metal  and  are  no*'  securely 
fastened  with  drive  screws. 

Inspection  of  the  reflector  and  support  assemblies  'ftei  the 
evaluation  teats  revealed  other  minor  problems,  which  were  cor¬ 
rected  as  follows: 

(1)  The  clevis  arras, connecting  with  the  auxiliary  ’’A"  frame 
were  extended  to  prevent  the  x'rame  from  rubbing  against 
the  lower  center  reflector  panels  during  erection* 

(2)  A  slot  was  milled  into  the  clevis  to  prevent  damage  to 
the  "A”  frame,  if  hooked  up  incorrectly  during  erection, 

(3)  Two  set  screws  were  added  to  hold  the  self  aligning  bear¬ 
ings  in  their  mountings. 

(4)  Pins  in  the  Kennedy  quick  disconnect  fasteners,  used  on 
the  reflector,  were  changed  from  groove  to  straight  pins 
brazed  in  place. 
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part  b.  PEEDHORN 

1.  General 

(See  figure  5^ 

The  feedhorn  (antenna  feed)  Is  a  dual  polarized  horn*  Inputs  from 
the  search  radar  and  IFF  radar  are  both  sections  of  R6-69/G  waveguide, 
with  the  search  radar  Input  rotated  90®  (with  respect  to  the  IFF  radar 
Input) to  Insure  a  high  degree  of  Isolation.  The  energy, from  either 
channel, enters  the  flared  section  of  the  feedhorn,  propagates  to  the 
aperture  and  from  there  Illuminates  the  reflector.  The  sea'roh  radar 
energy  li^  horizontally  polarized  and  the  IFF  energy  vertically  .polarized. 

The  dual  polarized  horn  has  several  advantages  over  the  normal  dipole 
feed,  placed  In  front  of  a  single  polarized  feedhorn.  (1)  Either  Input 
Is  capable  of  handling  a  power  level  equal  to  the  maximum  waveguide 
power,  (2)  The  radiated  patterns  are  controlled  by  the  aperture  dimen¬ 
sions  only,  and  does  not  affect  the  other  radar  feed,  as  do  dipoles 
and  reflacWng  flaps  placed  In  front  of  the  feedhorn  mouth.  (3)  Tlie 
dual  polarized  hoim  Is  simpler  In  construction',  than  the  combined  feeds 
of  the  horn  and  dipoles. 

The  feedhorn  and  associated  waveguide  are  assembled  together  to 
facilitate  stowing  and  antenna  erection,  Vfhen  erected,  the  feedhorn 
Is  situated  at  the  focal  point  of  the  reflector,  which  concentrates 
the  energy  Into  a  narrow  beam  (see  antenna  patterns  in  figure .6), 

,2.  Design 

The  feedhorn  presented  many  problems.  The  primary  problem. was  to 
develop  a  horn  that  would  give  the  electrical  characteristics  that 
ware  required  by  specification.  Development  from  start  of  design, to 
a  final  design, took  place  over  a  period  of  one  year  and  four  months, 
approximately.  About  16GG  hours  of  work  were  spent  in  development 
and  testing  prior  to  shipment  of  first  unit. 

A  Tohebysoheff  feed  was  originally  proposed  but  did  not  appear 
suitable  early  In  the  design.  The  major  part  of  the  effort  was  spent 
In  development  of  a  flared  feedhorn  with  Radar  and  IFF  connections,  , 

For  ease  of  fabrication  a  sheet  metal  horn  was  selected,  •  The  major 
drawback  to  this  type  of  construction  was  holding  the  tolerances,  vdiich 
were  found  necessary  after  many  tests,  to  ±0,010  Inches  of  the  desired 
configuration.  A  cast  horn  could  have  been  used  but,  by. the  time  a 
final  design  was  determined,  there  was  Insufficient  time  to'  get  a 
suitable  easting  with  the  desired  tolerances.  All  parts  of  the  horn 
were  machined ‘to  exact  size  {±0,00^  Inches)  before  welding.  IRie  edge 
Joints  were  machined  In  a  manner  so  that  no  Inside  . welding'  would  be 
needed, «nd  thereby  require  no  Internal  hand  finishing.  A  special  hold¬ 
ing  fixture  was  necessary  to  maintain  the  desired  tolerance.  Many 
trials  were  necessary  to  obtain  the  desired  matching.  Because  of  the 
Inherent  Critical  design  of  the -horn  each  one  must  be  matched  and  checked 
in  free  space  and  finally  checked  with  a  reflector  on.  an  antenna  range. 

The  feedhorn  support  had  to  place  the  horn  accurately  In  place  with¬ 
out  adjustment. -  The  non-adjustable  feature  placed  the  feed  system 
at  an  extreme  disadvantage.  Most  critical  was  the  vertical  angle 
of  Inclination  to  the  reflector.  Also  critical,  was  the 
focus  which  was  finally  determined  to  be  145.6  inches  from  the 
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reflector  surface  point  of  origin.  In  order  to  keep  a  maxlnum  area 
free  of  Interference  from  feed  supports, and  to  simplify  the  feed 
support,  the  waveguide  was  used  as  a  structural  member  of  the  feed 
support  system.  In  order  to  gain  maximum  rigidity  and  positive 
placement  of  the  horn, three  "A”  frames  were  attached  to  the  horn, 
ttid  the  two  lower  attached  to  one  point  at  the  bend  of  the  wave> 
guide  run.  ilnother  problem  was  the  critical  length  of  the 
horizontal  run  of  waveguide.  The  waveguide  flange  had  to  temnlnate 
within  d.d6  Inches  of  the  pedestal  waveguide  connection.  A  very 
sllj^t  error  In  the  bend  would  cause  a  large  misalignment.  The 
waveguide  run  from  the  horn  to  the  bend  used  a  east  twist, available 
from  a  previous  Kennedy  job  and  simplified  that  transition 
considerably. 

Many  electrical  tests  were  necessary  to  determine  the  correct 
placement  of  the  horn, as  the  theoretical  placement  did  not  give  the 
best  location  for  all  pattern  requirements. 

Meeting  the  ortgii^al  IFF  vertical  beamwidth  specification 
requirement  of  6.2  t  0,$  degrees  presented  a  major  problem.  The 
solution  was  a  complicated  feadhbm  employing  10  beam  broadening 
probes  and  four  impedance  matching  irises.  This  horn  produced  the 
high  edge  illumination  required  for  a  vertical  beamwidth  of  6.2°, 
but  also  produced  a  ripple  of  at  least  3db  in  the  secondary  vertical 
pattern.  Further  modifications  produced  the  feedhom  of  final 
design,  idiloh,  while  not  p-etlng  the  original  requirement  of  6,2 
degrees,  has  follow? advantages; 

(1)  Increased  high  angle  coverage.  -  Tbe  upper  one -half  power 
angle  will  be  6.3  degrees  above  the  horizon,  0,7  degree 
Increase  in  vertical  coverage. 

(2)  Increased  gain.  -  An  IFF  gain  Increase  of  at  least  1.2db 
was  realized. 

(3)  Lower  VSWR.  -  The  IFF  VSWR  was  much  Improved,  enabling 
meeting  the  specification  requirements  in  ^Is  respect. 

(1;)  Smoother  secondary  vertical  pattern.  -  Vertical  patterns 
show  secondary  ripples  of  Idb. 

($)  Mechanically  simpler.  -  The  new  horn  is. of  much  simpler 
mechanical  construction,  therefore  easier  to  produce. 

Pointing  out  the  above  advantages  to  the  Signal  Corps,  resulted 
in  a  specification  requirement  change  In  the  IFF  vertical  beamwidth 
to  7.6  ±  0,^  degrees,  and  enabled  use  of  the.  Improved  feedhorn 
design. 
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Part  c.  ROTARY  JOINT 

(See  figure  7) 


1.  General 

The  rotary  Joint  for  Antenna  Group  0A-1227(XE-1 )/TPS  Is  pres¬ 
surized  and  transmits  the  radar  and  IFF  signals  from  the  coax-to- 
wavegulde  transition  to  the'  fpedhorn. 

The  rotary  Joint  has  a  waveguide  flange  Input,  enabling  direct 
connection  to  waveguide,  for  coupling  a  high  power  radar  (up  to  two 
megawatts ) . 

The  coaxial  section  of  the  rotary  Joint  consists  of  a  center 
conductor  which  rotates  with  respect  to  the  lower  waveguide  section 
of  the  Joint, and  an  outer  conductor  which  is  divided  into  an  upper 
and  lower  section.  The  two  outer  conductor  sections  are  connected 
by  a  choke  Joint, which  permits  the  upper  section  to  rotate.  The 
lower  section  Is  fixed  to  the  lower  waveguide  and  the  upper  section 
to  the  upper  waveguide  sections  of  the  rotary  Joint.  The  upper 
waveguide  section  consists  of  a  doorknob-type  transition  which  feeds 
the  rf  power  from  the  coaxial  section  into  the  upper  waveguide,  ^le 
lower  waveguide  section  consists  of  a  similar  transition.  Matching 
Irises,  In  each  of  the  upper  and  lower  waveguide  sections,  match 
the  rotary  Joint  to  the  waveguide  sections  and  thus  minimize  reflec¬ 
tions  within  the  rotary  Joint. 

The  IFF  energy  Is  also  caipled  to  the  feedhorn  through  the  rotary 
Joint,  A  center  coaxial  conductor  with  slip  rings  (fingers)  permit¬ 
ting  the  rotation.  Coax  connectors  on  the  upper  and  lower  translations 
permit  connecting  the  IFF  cables. 

In  the  event  the  antenna  Is  used  with  a  high  power  radar  (1.5 
to  2  megawatts)  facilities  for  pressurizing  the  rotary  Joint  are 
provided,  with  pressure  windows  located  In  each  of  the  upper  and 
lower  waveguide  sections.  A  pressure  switch  Is  also  provided  to 
Indicate  normal  and  subnormal  pressures. 

2,  Design 

The  rotary  Joint  la  an  original  Hazeltlne  design.  The  door  knob 
upper  and  lower  transitions  are  basically  a  sealing  of  door  knob 
transitions  used  In  other  rotary  Joints  at  higher  frequencies.  The 
loeatl(ni  of  the  short  circuit  and  elevation  of  the  doorknob  were 
varied  to  achieve  an  optimum  transition.  A  matching  Iris  was  then 
Introduced  in  the  waveguide  to  complete  the  matching  of  the  tran¬ 
sition.  Location  of  the  several  variables  was  made  during  low  power 
VSVTR  tests.  A  more  ruggedlzed  unit  was  then  fabricated  and  tested 
at  higher  power.  No  breakdown  resulted  In  this  transition  during  the 
test.  Refer  to  addendum  C,  of  this  report,  for  high  power  test  cal¬ 
culations  of  the  rotary  Joint, 
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The  IFF  channel  Is  also  an  adaptation  of  a  previous  rotary 
joint  design.  The  design  employs  finger  contacts  for  both  the 
Inner  and  outer  conductors  of  the  coaxial  line.  The  major  problem 
was  a  mismatch, resulting  in  a  high  VSWR.  The  HN  connectors  at 
both  ends  of  the  channel  were  found  to  be  the  cause  of  the  mismatch. 
The  match  of  the  connectors  was  Improved  by  modifying  the  dimensions 
of  several  of  the  insulators.  The  modified  connectors  lowered  the 
IFF  VSWR  to  within  requirements. 

Pressurizing  the  rotary  Joint  presented,  by  far  the  largest 
problems.  The  first  problem  was  obtaining  pressure  windows,  at 
the  required  two  megawatt  rating.  The  original  windows  were  a 
commercial  product,  made  by  Alrtron,  Inc.,  constructed  of  a 
flberglas  material.  When  tested  under  pressure,  with  two  megawatts 
peak  power,  the  material  buckled  outward  toward  the  lower  pressure 
side,  and  subsequent  inspeotl^  revealed  bum  marks  at  points  of 
maximum  E-fleld.  A  new  pressure  window  was  designed  by  Hazeltlne 
using  Ruby  Muskavlte  (mica)  material.  The  new  window  handled  the 
pressure  adequately  and  showed  no  evidence  of  breaking  down  when 
subjected  to  2.1^  megawatts  rf  power. 

The  main  pressurization  problem  was  trying  to  construct  the 
rotary  joint  to  meet  the  specification  requirement  of  a  maximum 

?resaure  loss  of  0.4  pel  In  24  hours  idien  subjected  to  30  psla. 

0  meet  this  requirement,  oversize  ”0”  rings  (see  addendum  D  for 
design)  were  placed  In  the  pressure  window  seals.  A  pressure 
loss  of  slightly  over  one  psi  per  day  still  occurred.  Further 
modifications  could  have  been  effected,  as  follows,  to  reduce 
the  leakage. 

(l)  Increasing  bellows  strength  and  therefore  the  sealing 
pressure.  However,  there  Is  a  maximum  limiting  surface 
pressure  at  which  seal  wear  life  Is  sacrificed  for  a 
little  less  pressure.  Present  design  enables  the  rotary 
seal  bellows  joint  to  function  safely  below  this  level. 

(2)  The  fine  finish  on  the  sealing  surfaces,  could  conceivably 
be  made  finer,  but  a  harder  closer  grained  material  would 
be  required.  A  compromise  was  effected  here  by  using  a 
high  grade  graphite  ring,  with  superior  qualities  of 
long  wear  and  natural  lubrication. 

Rather  than  Impair  the  effectiveness  of  the  rotary  joint  by 
requiring  design  changes  in  critical  areas,  Hazeltlne  discussed 
with  the  Signal  Corps  the  selection  of  a  pressure  tank  with  longer 
service  life,  and  a  substantial  factor  of  safety  for  pressure  loss 
The  air  tank  of  final  design  has  a  capacity  of  386  cubic  Inches 
and  a  service  pressure  of  2100  psig.  At  a  pressure  loss  of  over 
1.6  psi  per  day  the  tank  provides  over  15,000  hours  (almost  2  years) 
of  steady  life  without  refilling  the  tank,  thus  far  exceeding  the 
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the  $f000  hour  reliability  specification  requirement.  On  the  basis 
of  the  above,  the  Signal  Corps  waived  the  specification  requirement 
of  a  maximum  pressure  loss  of  O.L|.  pal  per  day  and  permitted  a  loss 
of  1*35  to  1,675  pai  in  21;  hours.  Refer  to  addendum  B  for  calcula¬ 
tions  supporting  the  pressurization  specification  change, 

part  d.  COAX-TO-WAVEGXIIDE  TRMSITTOU' 

(See  figure  7,) 

1,  General 

The  coax-tO“Wavejguide  transition  is  required  to  couple  Antenna 
Group  0A-1227(XE-1 )/tPS  to  the  coaxial  cable  from  the  duplexer  of 
Radio  Set  AN/TPS-ID.  If  the  antenna  group  is  used  with  higher 
powered  radars  (with  waveguide  output  connections)  this  part  will  not 
be  used. 

Energy  from  the  coaxial  cable  is  coupled  into  the  waveguide  por¬ 
tion  by  a  short  radiator  which  is  part  cf  the  coaxial  connector, 

2,  Design 

The  design  of  the  transition  is  similar  to  a  commercial  unit, 
which  was  not  available  at  the  6OO  kw  power,  required  by  the  speci¬ 
fication,  The  design  and  production  of  the  transition  was  subcon¬ 
tracted  to  the  Diamond  Microwave  Corp, 

During  the  electrical  teats  of  the  first  two  units  the  VSWR  was 
found  satisfactory,  but  arcing  was  heard  with  less  than  $00  kw  of 
power.  It  was  determined  that  the  matctiiiig  probe  was  not  making 
adequate  contact  with  the  wall  of  the  waveguide.  Welding  the  probe 
to  the  waveguide  was  attempted,  however,  thi;=i  Hfl3(;orted  the  waveguide 
and  was  discarded,  A  threaded  probe  in  the  waveguide  (and  then 
soldered)  was  tried,  this  provided  the  desired  contact,  but  was  very 
difficult  to  adjust.  The  final  solution  wain  a  probe  that  was 
threaded  into  a  special  seat  in  the  waveguide. 

The  electrical  tests,  on  the  transition  of  final  design,  proved 
the  VSWR  to  be  satisfactory,  with  a  power  handling  capacity  in 
excess  of  600  kw. 

Part  e,  RP  CABLING 

1,  General 


The  rf  cabling  interconnects  Radar  Set  AU/TPS-ID  and  the 
coaX“tO“Wavagulde  transition.  The  original  design  plan  was  to 
use  Amphenol  cable  421“1G3  to  provide  the  flexibility  for  storage 
on  the  cable  reel.  However,  during  evaluation  tasting  the  rf  cable 
heated  up  and  power  to  the  antenna  was  greatly  attenuated. 
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To  overoome  tbe  heating  problem^  RG-19A/U  cable  was  tried  and  found 
satisfactory.  However^  R0-19A/U  cable  has  a  solid  core  with  a 
larger  safe  bending  radius  and  other  storage  facilities  had  to 
be  provided. 

The  original  requirement  had  specified  that  cables  were  to  be 
50  feet  long.  Amending  the  contract  to  have  the  antenna  operate 
with  shelter  AN/OSS-1  permitted  shortening  the  cable.  Storage 
for  the  shorter  cable «  with  the  necessarily  large  bend  radius,  was 
obtained  by  clamping  to  the  top  Inside  of  the  reflector  transit 
case. 

PHASE  2.  CIRCUITRY 

(See  figures  28  and  29>) 

Circuitry  for  Antenna  Group  0A-1227{XB-1)/TPS  encompasses  the 
three  phase  a-c  control  olreulta,  antenna  control  system,  synchro 
system,  lubrication  and  pressure  controls,  antenna  drive  motor  and 
cabling  to  Radar  Surveillance  Center  AN/OSS-1. 

Safety  switch  S1C8  and  Interlock  switches  SlCl,  S8C2,  and  S8C3 
are  provided  for  personnel  safety,  removing  power  from  the  antenna 
drive  motor  when  switch  S1C8  or  a  compartment  (l.e.,  contactor  box 
SlCl  or  stow  look  access  door  S6C3)  la  opened  or  the  manual  orahk 
S6C2)  Is  In  Its  operating  position.  Interlock  switch  S8c4  opens 
the  antenna  drive  motor  circuit  when  the  antenna  is  locked  In  stow 
position,  to  prevent  the  motor  from  being  accidentally  energised 
and  damaging  the  equipment.  Interlock  switches  S6C3  and  SlCl  may 
be  cheated  If  visual  inspection  is  required  of  the  components  idille 
the  equipment  Is  In  operation. 

Part  a.  CONTACTOR  BOX 

(See  figures  8  through  11) 

1.  General 


Ihe  contactor  box  is  mounted  externally  on  the  antenna  pedestal; 
It  operates  and  protects  the  antenna  drive  motor.  The  box  Is 
remotely  controlled  from  the  antenna  control  box  (Part  b.  below). 

The  contactor  boxes  supplied  with  antenna  groups  serial  numbers  1 
and  2  (see  figures  8  and  9)  differ  from  those  bearing  serial 
numbers  3  through  7  (see  figures  10  and  11).  The  two  earlier  units 
employ  fuses  and  individual  blown  fuse  indicators,  in  lieu  of  the 
circuit  breaker  with  one  Indicator  lamp,  for  protection  in  the 
three-phase  power  to  the  antenna  drive  motor.  The  above  change 
and  other  minor  design  changes  described  below,  were  made  to  Improve 
the  electrical  and  mechanical  reliability  of  the  equipment.  In 
addition,  synchro  Information  and  the  Antenna  safety  switch  are 
provided  In/on  the  Contactor  Box.  See  "CONTACTOR  BOX"  in  figures 
28  and  29  for  schematics  of  the  delivered  units. 
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2,  Design 

The  original  design  of  the  contactor  box  was  made  by  Hazeltlne 
in  accordance  with  the  specification  requirements. 

The  original  design  employed  an  a^o  contactor  (KlOl)  and  a 
thermal  overload  relay  for  the  motor. 

During  the  vibration  tests  (see  Hazeltlne  report  5122.,  page 
15)  small  particles  were  rubbed  off  the  main  contacts  by  their 
holders.  The  contacts  rattled  and  appeared  loose,  although  the 
operation  of  the  contactor  was  not  Impaired.  However,  to  improve 
reliability  and  to  provide  a  cover  over  the  main  contacts,  it  was 
decided  to  change  the  contactor.  The  new  contactor  selected  is  a 
d-c  aircraft  type  which  is  vibration  resistant,  hermetically  sealed 
and  lighter  than  the  original  contactor. 

The  new  contactor  was  mounted  in  its  normal  operating  position 
on  the  vibration  table  and  subjected  to  the  vibration  tests.  There 
were  no  mechanical  failures  during  the  test  and  after  an  electrical 
test,  following  the  vibration  test,  the  relay  functioned  as  required. 

The  addition  of  the  new  d»e  contactor  necessitated  adding  a 
full-wave  rectifier  to  the  contactor  box  to  convert  the  a-o  to  the 
120  volt  d-c  required  for  the  contactor  coll.  The  rectifying  bridge 
consists  of  four  1N54^  diodes  mounted  on  a  component  board  near  the 
contactor.  The  contactor  was  electrically  tested  with  the  recti¬ 
fying  bridge  and  found  to  operate  with  65  volts  a-c  Input  and  drop 
out  with  an  a-o  input  of  25  volts.  The  circuit  was  operated  for 
25  minutes  with  an  a-o  Input  of  125  volts  with  no  detrimental 
effects  to  the  contactor  or  diodes. 

The  original  (a-c)  contactor  had  two  sets  of  normally  closed 
auxiliary  contacts,  and  the  d-c  replacement  has  but  one  set.  To 
provide  control  for  the  ANTENNA  ON  indicator  lamp,  in  the  control 
box,  an  auxiliary  relay  (K102}  was  added. 

The  contactor  box  as  originally  designed  included  a  current 
sensitive  relay  to  prevent  overloading  of  the  motor.  However,  this 
relay  was  set  to  operate  at  currents  much  higher  than  the  motor 
protection  fuses  (i.e.,  60  amperes  for  the  relay  with  30  ampere 
fuses).  This  would  mean  that  the  relay  would  never  operate  since 
the  fuses  would  blow  first.  This  was  confirmed  during  the  tempera¬ 
ture  test  (see  Hazeltlne  report  5122,  page  25)  when  the  fuses 
were  replaced  with  steel  slugs  and  the  relay  never  operated.  The 
thermal  overload  relay  was,  therefore,  deleted  from  the  contactor 
box  circuitry. 
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Heater  relay  (KI03)  failed  to  operate  properly  during  the 
environmental  teeta.  Even  though  it  was  established  that  this 
was  due  to  a  defective  relay,  it  was  decided  to  change  to  a  more 
reliable  type,  nie  new  type  relay  used  is  hermetically  sealed 
and  successfully  passed  the  vibration  tests.  The  new  relay  is 
larger  than  the  relay  used  in  the  original  design  and  therefore  is 
mounted  in  a  different  location,  but  the  accessibility  Is  improved 
and  with  a  tube  pin  base  can  be  more  easily  replaced. 

The  original  design  of  the  motor  circuit  employed  fuses  (FlOl, 
F102  and  FIO3)  as  protection  in  the  three  phase  line.  Antenna 
Group  0A-1227(XE-1)/TPS  serial  numbers  1  and  2  ware  delivered  with 
this  circuitry.  To  provide  more  reliable  operation  and  simultaneous 
opening  of  all  lines  to  the  motor,  a  three-pole  trip  free  circuit 
breaker  (CBIGI)  was  substituted  for  the  three  individual  fuses. 
Replacing  the  individual  blown  fuse  indicators  (DSldl,  DS1G2  and 
DSld3),  a  single  indicator  lamp  (DSlOl)  was  placed  across  one  of 
the  three  phases.  The  replacement  indicator  operates  the  same  as 
a  blown  fuse  indicator,  i.e.,  illuminates  idth  power  applied  and 
the  circuit  breaker  tripped. 

Other  minor  circuit  changes  were  effected,  these  are  discussed 
under  the  individual  Parts  as  follows: 

c.  Antenna  Drive  Motor 

e.  Lubrication 

f.  Pressurization 

The  final  design  of  the  contactor  box  conformed 
to  the  specification  SCL-5296  and  passed  all  environmental  tests 
successfully. 

Part  b.  ANTENNA  CONTROL  BOX 
(See  figure  12J 

1.  General 


The  antenna  control  box  is  mounted  on  the  wall  of  Radar  Sur¬ 
veillance  Shelter  AN/GSS7I  and  provides  remote  control  and  monitoring 
of  the  antenna  operation.  ANTENNA  DRIVE  MOTOR  START-STOP  switch 
S201  turns  the  motor  on  or  off.  OIL  HEATER  switch  (S203)  controls 
heating  of  the  lubricating  oil  in  the  oil  reservoir.  Switch  S203 
operates  independently  of  START-STOP  switch  S2C1  in  order  that  the 
oil  may  be  pre -heated  beiore  starting  antenna  operation.  Switch 
S202,  mounted  behind  the  front  panel,  is  in  the  air  pressure  system 
and  is  normally  set  to  the  OFF  position  when  used  with  the  AN/TPS-ID. 
However,  during  high  power  operation  (1.5  to  2  megawatts)  where 
pressurization  of  the  rotary  Joint  is  required,  the  switch  is  placed 
to  ON,  enabling  the  use  of  AIR  PRESSURE  OFF  indicator  DS2dU. 
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2.  Design 

The  original  design  of  the  antenna  control  box  was  made  by 
Hazeltlne  to  comply  with  the  specification  requirements. 

The  control  boxes  supplied  with  the  first  and  seoont  test 
models  of  Antenna  Group  0A-1227(XE-l)/TPS  'Serial  numbers  1  and  2) 
were  manufactured  In  accordance  with  the  riginal  design.  The 
contactor  box  (Fart  a)  modifications  made  on  serial  numbers  3 
through  7  necessitated  minor  lamp  rewiring  of  the  control  box. 

In  the  original  design  (and  serial  numbers  1  and  2)  the  START- 
STOP  control  for  the  contactor  was  provided  by  breaking  the  neutral 
lead  of  the  three  phase  ac.  To  comply  with  good  design  practice, 
control  of  the  contactor  la  now  provided  by  breaking  one  of  the 
three  phases. 

Schematic  diagrams  of  the  delivered  models  can  be  found  under 
"ANTENNA  CONTROL''  in  figures  28  and  29. 

Part  c.  ANTENNA  DRIVE  MOTOR 
(Sea  figure  13.) 


1,  General 

The  antenna  drive  motor  Is  mounted  beneath  the  pedestal  and 
drives  the  antenna  in  azimuth,  through  suitable  gearing,  at  a 
rotation  rate  of  six  rpm  in  a  clockwise  direction  only.  The  motor 
is  rated  at  7*5  hp  and  requires  an  input  of  120/208  volts,  60 
cycle  -  3  phase  a-c.  The  motor  used  is  a  commercial  type  with  a 
standard  NEMA  mounting.  To  lighten  the  overall  weight  of  the 
equipment,  Hazeltlne  requested  that  the  motor  manufacturer  provide 
the  motor  in  an  aluminum  frame. 

The  motor  control  circuitry  was  modified  after  two  test  models 
of  Antenna  Group  0A-1227(XE-l)/TPS  were  delivered.  Simplified 
schematic  diagrams  for  each  model  are  shown  in  figures  I4  and  15» 

2,  Design 

The  size  of  the  antenna  drive  motor  and  design  of  motor  control 
circuitry  were  made  by  Hazeltlne  in  accordance  with  the  specification 
requirements. 

To  compute  the  size  of  motore  required,  the  weight  of  the  reflec¬ 
tor  and  feedhorn  were  considered  with  the  extreme  environmental 
operating  conditions  Indicated  in  the  specification.  The. 7. 5  hp 
motor  decided  upon,  proved  more  than  satisfactory  under  all  conditions. 
Addendum  F,  of  this  report,  provides  calculations  supporting  the 
choice  of  a  7.5  hp  motor. 
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The  design  changes  In  the  motor  control  circultryi  l*e«  circuit 
breaker  replacing  fuses  are  discussed  under  Fart  a.  CONTACTOR  BOX 
above . 

Part  d.  SYNCHRO  ASSEMBLY 
(See  figure  16J 


1.  Oeneral 


The  synchro  assembly  consists  of  a  60-cycle  synchro  trans¬ 
mitter  (B50I)  vhloh  provides  one-speed  azimuth  information,  and  a 
31TxU,  lioo-cyele  synchro  transmitter  (B502)  which  provides  2l(,-speed 
azimuth  inf omatlon .  The  antenna  drive  is  geared  1:1  with  the 
60-cyole  synchro,  and  l:2l|.  with  the  400-eyole  synchro.  Refer  to 
addendum  0  for  oaloulatlons  on  gearing,  A  cam  driven  switch  (S5l0l) 
actuates  relay  K104  to  provide  a  kOO-oycle  zeroing  voltage  to  the 
400-cycle  24-speed  synchro  motor  (B602)  In  Azimuth-Range  Indicator 
IP-141/TPS-ID,  until  the  antenna  roaches  zero  azlmutti.  The  60  and 
400-oycle  synchro  reference  voltages  and  the  27 -volt  dc  for  relay 
KI04  are  taken  from  Power  Supply  PP-674/TPS-1D.  The  60-cycle  one- 
speed  azimuth  Information  Is  supplied  to  terminals  in  Power  Supply 
PP -674/TPS -ID  for  use  with  a  PPI  repeater, 

2,  Design 

Design  of  the  synchro  assembly  as  made  by  Hazeltlne  in  accor¬ 
dance  with  the  specification  requirements.  The  original  design 
met  all  requirements  and  no  changes  were  necessary. 

Part  e,  LtJBRIGATIOK 

(See  figures  17  and  I8i 


1 ,  treneral 

Ihe  antenna  drive  gear  train  is  force -lubricated  by  means  of 
an  oil  pump  geared  to  the  antenna  drive. 

An  oil  flow  switch  (S301)  is  provided  to  interrupt  power  to 
contactor  KlOl,  thus  stopping  the  antenna,  if  oil  flow  is  missing 
for  two  minutes  or  more.  If  flow  switch  S30I  is  closed,  OIL  FLOW- 
LOItf  indicating  lamp  on  the  antenna  control  box  is  illuminated. 

Vfhen  S301  switch  opens,  with  normal  oil  flow,  OIL  PLOW-NORMAL 
indicator  lights.  Should  S30I  fall  t<5  open  within  2  minutes,  thermal 
relay  KIO^  will  open?  breaking  the  circuit  to  the  bridge  rectifiers 
(supplying  the  coll  of  contactor  KlOl)  thus  removing  power  from  the 
antenna  drive  motor. 

Turning  OIL  HEATER  switch  S203  in  the  antenna  control  box  to 
the  ON  position  will  provide  heating  of  the  oil  in  the  oil  resez^oir 
if  the  oil  temperature  drops  below  12,200  (+10OP),  Antenna  control 
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Indicator  OIL  TEMP-NORKAL  will  light  if  the  temperature  of  '^e  oil 
la  about  -27.3°C  (-10*^)  and  be  extinguished  below  this  temperature, 
thus  providing  an  indication  that  pre -heating  of  the  oil  la  re¬ 
quired,  before  starting  the  antenna  drive  motor. 

2.  Design 

The  oil  heating  system  as  originally  designed  by  Hazel  tine 
essentially  conformed  to  the  system  contained  In  the  first  two 
antenna  groups  delivered^ see  figure  17)  except  that  the  inclusion 
of  a  heating  element  on  the  oil  feed  line  was  planned  for  in  the 
original  design. 

Difficulties  encountered  in  installing  the  circular  heating 
element  in  the  prototype  model  indicated  the  inclusion  of  the 
element  would  not  be  feasible  for  production.  Calculations 
indicated  the  element  was  not  necessary  and  it  was  deoided  to  omit 
the  oil  line  heater  pending  results  of  the  environmental  teats. 

The  single  heater  in  the  oil  reservoir  proved  more  than  adequate 
at  -65°F,  and  the  oil  line  heating  element  was  deleted  from  the 
design  ploi . 

The  original  design  plan  was  for  an  oil  conforming  to  specif 1- 
catlon  MIL-L-7808  for  lubrication  of  the  drive  system.  Exception 
to  this  particular  oil  was  taken  by  the  buyer  (Signal  Corps;  as 
it  is  not  readily  available  in  the  field.  Hazeltlne  tried  to 
accommodate  the  Signal  Corps  and  investigated  all  oils,  readily 
available  to  Signal  Corps  maintenance  personnel.  The  investigation 
proved  that  all  available  oils  were  not  suitable  for  this  applica¬ 
tion  and  reversion  to  the  HIL-L-78C6  oil  was  necessary. 

Minor  modlflcatlans  in  the  oil  heating  control  circuits  were 
Instituted  in  Antenna  Group  0A-1227(XE-1)7tpS  serial  numbers  3 
through  7;  a  simplified  schematic  of  this  circuit  is  given  in 
figure  lo. 

Part  f.  PRESSURIZATION 

(See  figures  19  and  20,) 

1.  General 

Pressurization  of  the  rotary  Joint  for  use  with  high  (1.5  to 
2  megawatts)  power  is  a  design  requirement  in  accordance  with  the 
specification.  RF  and  mechanical  difficulties  experienced  meeting 
this  requirement  are  discussed  under  rotary  Joint.  Task  A,  Phase 
1,  Part  e.  and  mechanical  phase  4  respectively.  AIR  PRESSURE  ON  and 
OFF  Indicators  (DS2C5  and  DS2C4),  energized  by  air  pressure  switch 
SdC^  In  the  rotary  Joint,  pressure  line,  are  provided  as  indications 
of  correct  air  pressure.  At  pressures  below  12  lbs.  per  square  inch. 
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OPP  indicator  DS204  is  illuminatedj indicating  below  normal  air 
pressure.  Pressures  above  I3  lbs,  per  square  inch  actuate  switch 
S8o5»  which  illuminate  ON  indicator  03205,  indicating  that  the 
rotary  joint  is  correctly  pressurized. 

Antenna  Group  0A“1227(XE-1 )/TPS  is  primarily  designed  to 
operate  with  Radar  Set  AN/TPS-ID  at  comparatively  low  (0,5  mega¬ 
watt)  power,  which  does  not  require  pressurization  of  the  rotary 
joint.  Switch  3202  (mounted  behind  the  front  panel  of  the  antenna 
control  box)  la  provided  to  disconnect  OPP  indicator  DS20l|.  vihen 
operating  with  low  power,  to  avoid  presenting  a  false  Impression  of 
incorrect  operation, 

2,  Design 

Hazeltine's  original  design  plan  for  the  pressurization  control 
system  proved  to  be  quite  satisfactory.  However,  to  simplify  the 
wiring,  minor  circuit  changes  were  effected  after  delivery  of 
Antenna  Group  0A-1227(XB-iVtps.  Simplified  schematics  (figures 
19  and  20)  indicate  the  control  circuit  changes  between  the  earlier 
equipments  and  aerial  numbers  3  through  7, 

Part  g.  CABLING 

(See  figure  21.) 

Cabling  for  Antenna  Group  0A-1227(XE-1 )/TPS  la  completely 
different  than  that  shown  in  the  original  design  plan.  The  changes 
were  necessitated  by  the  contract  change  calling  for  operation  of 
the  antenna  group  with  Radar  Surveillance  Shelter  AN/GSS-1, 

All  cables  except  the  one  to  the  engine  generator  were  shortened 
from  the  original  5G  feet  specified,  since  the  antenna  would  be 
located  about  15  feet  from  the  shelter. 

All  cabling  to  the  shelter  was  terminated  by  connectors  to 
facilitate  quick  assembly  and  disassembly.  Additional  cables  inside 
the  shelter  were  required  to  complete  the  connections  to  the  units 
from  the  interconnecting  box, 

Ihe  interconnecting  box  is  discussed  under  Task  B,  Phase  1. 

HP  cabling  difficulties  and  design  changes  are  discussed  in  Task 
A,  Phase  1,  Part  e, 

PHA3B  3,  TESTING 

Part  a.  STATIC  AND  WIND  LOAD  DEFLECTION  TEST 

The  reflector  assembly  is  required  to  withstand,  without  damage 
or  impaired  performance,  the  loading  effects  of  wind  conditions  as 
described  in  paragraphs  3, 7, 1(e)  and  4*3*1^  of  the  Technical  Requlre- 
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inents  SCL-^296,  The  testa  were  performed  by  D.S.  Kennedy  4e  Co, 
at  their  Hlngham  Plant  on  November  12-13*  1958»  using  a  preproduo- 
tlon  model  of  the  0A-1227(XE~l)/TPS  forty-foot  antenna, 

VIhereas  the  maximum  loading  under  the  conditions  described  in 
the  Technical  Requirements  is  14,7  Ibs/sg,  ft,  (see  calculations 
in  addendum  H),  the  reflector  was  loaded  up  to  15*9  Ibs/sq,  ft, 
during  the  testa.  No  unusual  deflections  were  recorded  during  the 
test,  and  no  appreciable  peimianent  set  was  measured  at  its  conclu¬ 
sion,  Radiation  pattern  tests  were  conducted  before  and  after  the 
deflection  test.  No  pattern  changes  wore  brought  about  by  the 
deflection  of  the  reflector  assembly.  Thus,  on  the  basis  of  these 
test  results,  the  antenna  is  considered  to  have  easily  surpassed 
its  technical  requirements.  The  procedures,  conditions  and  results 
of  this  test  are  provided  in  addendum  I. 

Part  b,  SURVIVAL  TEST 

For  this  test  the  pedestal  was  fully  erected  on  its  legs  with 
ground  anchors  and  tie  rods  In  place,  and  the  reflector  assembly 
mounted  upon  it.  Using  an  M-35  truck  winch  and  an  "A”  frame,  a 
static  load  was  applied  to  the  back  of  the  reflector.  The  5500 
pound  load,  equal  to  the  maximum  survival  wind  loading,  was 
measured  by  a  10,000  pound  dynamometer. 

The  results  of  this  test  were  positive.  The  entire  structure 
remained  stable,  with  no  damage  sustained  by  any  of  the  structural 
members,  A  comparison  of  radiation  pattern  tests  conducted  before 
and  after  the  survival  test  revealed  no  pattern  changes,  A  visual 
inspection  of  the  entire  structure,  made  Immediately  after  the 
survival  test,  disclosed  that  the  pedestal  was  Inclined  0®  43' 
from  the  vertical  due  to  settling  of  the  groimd  plates,  and  there 
were  slight  deflections  in  the  ground  anchor  rods.  The  antenna 
assembly  is  considered  to  have  successfully  met  its  specified  re¬ 
quirements  in  this  area,  , 

Part  0.  MOISTURE  RESISTANCE  TEST 

The  moisture  resistance  test  was  performed  in  the  temperature 
altitude  humidity  chamber  of  the  Burgoyne  Test  Laboratory  Inc,, 
Westbury,  N,  Y,  in  the  presence  of  USASRDL  personnel,  A  1600  lb, 
load  was  attached  to  the  rotating  portion  of  the  pedestal,  such 
that  the  dynamic  effects  of  the  reflector  assembly  would  be  simu¬ 
lated  within  the  confines  of  the  test  chamber.  The  equipment  was 
then  subjected  to  a  48  hour  initial  conditioning  test  followed  by 
a  variable  temperature  cycle  of  48  hours  duration,  the  latter 
being  repeated  5  times.  The  equipment  was  non-operating  except 
for  15  minute  test  periods  during  which  measurements  were  taken, 
all  within  5  minutes  after  the  power  was  applied. 
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During  each  of  the  5  cycles,  readings  of  the  operating  voltage 
and  current,  starting  current,  and  the  power  of  each  of  the  three 
phases  were  recorded.  Thermocouples,  placed  at  nine  separate  loca¬ 
tions  within  the  pedestal,  monitored  Its  temperature  conditions. 

This  test  was  conducted  in  accordance  with  the  conditions  and  pro¬ 
cedures  set  forth  in  paragraph  4,3*7  of  Signal  Corps  Technical 
Requirements  No,  SCL-5296,  8  May  19^6,  The  procedures  followed  and 
the  entabulated  results  are  given  in  addendum  J, 

It  was  observed  that  throughout  each  cycle,  both  the  electrical 
and  temperature  readings  remained  consistent  by  within  ±  10^  of  the 
initial  conditions.  In  all  cases,  starting  time  was  instantaneous, 
the  pedestal  speed  remaining  constant  at  6.2  RPM. 

No  defects  of  any  nature  were  observed.  Since  the  performance 
of  the  equipment  was  not  adversely  affected  during  test  conditions, 
it  is  concluded  that  the  equipment  qualifies  under  this  section  of 
the  Signal  Corps  technical  requirements. 

Part  d.  TEMPERATURE  TEST 

The  temperature  test  was  performed  in  the  same  location  as  the 
moisture  resistance  test  (part  c)  and  conducted  in  accordance  with 
paragraph  4*3*6  of  the  Technical  Requirements,  The  procedures, 
conditions  and  results  of  the  test  are  shown  in  addendum  K, 

During  the  cold  temperature  test  certain  malfunctions  were 
observed.  The  reasons  for  these  malfunctions  were  determined 
and  corrective  measures  taken  as  follows: 

(1)  Malfunction 

Initial  failure  of  the  pedestal  to  rotate  at  -6^®P, 

Reason 

From  observations  made  during  the  test,  and  subsequent 
conversation  with  the  motor  manufacturer,  it  is  know  that 
moisture  probably  entered  the  motor  case  through  the 
normal  breathing  process  during  the  10  day  moisture 
resistance  test.  It  is  believed  that  this  moisture  froze, 
thereby  locking  the  rotor.  In  all  probability,  high 
current  surges  aver^ually  melted  the  ice,  whereupon  the 
pedestal  began  to  /'inctlon  in  a  normal  manner.  Had  the 
temperature  test  oeen  performed  prior  to  the  moisture  test, 
this  situation  would  probably  not  have  occurred. 
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Solution 

Following  the  recommendation  of  the  motor  manufacturer 
a  note  will  be  Included  In  the  maintenance  manual  that 
the  motor  drain  plug  be  ranoved  and  any  moisture  present 
be  allowed  to  drain  out  before  shipment  of  the  equipment 
to  a  frigid  environment, 

(2)  Malfunction 

Almost  Instantaneous  blowing  of  fuses  at  locked  rotor 
condition* 

Reason 

Poor  choice  of  fuses. 

Solution 

Improper  fuses  have  been  replaced  with  Military  Standard 
90085-70  fuses.  These  are  alow-blow  fuses  with  a  minimum 
delay  time  of  6  seconds  for  looked  rotor  conditions, 

Hals  will  aid  In  starting  the  motor  should  It  ever  Inad¬ 
vertently  freeze  again.  Assurances  have  been  received 
from  the  motor  manufacturer  that  6  seconds  of  locked 
rotor  current  will  not  damage  the  motor  In  any  way, 

(Notes  at  -65®P  a  30  second  delay  Is  harmless,) 

(3)  Malfunction 

Heater  relay  failed  to  close. 

Reason 

Failure  of  the  particular  relay  used  during  the  test. 
Tempfrature  Is  not  believed  to  be  a  factor. 

Solution 

A  second  relay  has  been  tested  at  -65°F  and  found  to 
function  satisfactorily.  This  relay  has  been  substituted 
for  the  defective  one. 

(1).)  Malfunction 

Motor  control  thermostat  prevented  pedestal  from  rotating 
once  It  started. 
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Reason 

As  the  pedestal  started  to  rotatsjthe  oil  began  to  cir¬ 
culate  and  cold  oil  came  into  contact  with  the  thermostat 
thereby  opening  It  and  shutting  the  motor  off,  A  check 
of  the  thermostat  after  the  test  showed  It  to  be  set  at 
+20,3op  Instead  of  -10®P  as  called  for. 

Solution 

Thermostat  S303  will  be  set  to  -10°P  and  will  be  used 
for  the  sole  purpose  of  operating  a  green  light  on  the 
control  panel.  This  light  will  be  off  until  the  oil 
temperature  reaches  -10°P.  Above  -10®P  the  light  will  be 
on  and  all  oil  will  be  filtered.  The  Heater  Control 
Thermostat  will  be  set  so  as  to  turn  on  the  heater  When 
the  temperature  falls  below  +10°P. 

(5)  With  the  above  modifications,  and  the  observations  made 
during  the  cold  temperature  test.  It  la  felt  that  the 
pedestal  can  be  operated  Instantaneously.  If  need  be. 
at  any  of  the  env^^oonmental  conditions  specified  In 
SCL-5296.  thereby  bettering  the  requirements  specified 
In  paragraph  3.7.7. 

Part  e.  VIBRATION  TEST 

In  accordance  with  paragraph  4.3.1  of  the  Technical  Require¬ 
ments.  the  pedestal  subassemblies  containing  sensitive  electrical 
end  mechanical  conpcnents  were  subjected  to  vibration  testing. 

The  tests  described  below  were  performed  on  a  vibration  table 
located  In  the  test  laboratory  of  Haseltlne  Electronics  Division, 
Little  Neck.  New  York,  These  tests  were  witnessed  by  V,  Tristan, 
a  resident  Naval  Inspector. 

(1)  Control  Box 

The  control  box  cover  was  removed  and  attached  to  th** 
back  of  the  control  box.  iOie  box  was  then  mounted  by 
means  of  four  1/4  -  20  screws  to  a  1”  aluminum  plate, 

Ihls  plate  was  then  fastened  to  a  1$0  lb,  1/2”  thick 
steel  plate  which  was  in  turn  bolted  to  a  vibration  table  , 

The  equipment  was  vibrated  at  1/64”  amplitude  In  three 
planes  at  frequencies  of  5  to  55  cycles/second  changing 
at  a  rate  of  1  oycle/second.  The  equipment  was  cycled 
4  times,  A  strobe  light  as  well  as  visual  Inspection  was 
used  to  determine  any  mechanical  resonances,  none  were 
noted.  The  unit  passed  satisfactorily. 
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(2)  Synchro  Assembly 

The  synchro  assembly  vas  mounted  to  a  fixture  which  was 
bolted  directly  to  the  vibration  table.  Test  conditions 
were  the  same  as  described  in  paragraphC^t  There  were 
no  mechanical  resonances  noted.  The  assembly  passed 
satisfactorily, 

(3)  Contactor 

The  contactor  was  fastened  to  a  1"  thick  aluminum  plate 
and  vibrated  on  two  separate  occasions.  The  first  was 
under  the  conditions  described  In  paragraph  (1).  Loose 
washers  and  other  parts  rattled  during  this  teat  due  to 
the  floating  contacts  but  no  damage  was  visible. 

The  second  vibration  test  was  performed  at  an  amplitude 
of  1/16"  and  a  frequency  of  cycles/second  for  a  dura¬ 
tion  of  1%  minutes  in  each  plane.  No  damage  was  noted 
outside  of  some  particles  \dilch  were  rubbed  off  the  oon- 
tacts  by  their  holders. 

(l^)  Contactor  Box 

The  contactor  box  was  mounted  on  a  1"  aluminum  plate.  The 
plate  was  bolted  to  the  vibratl(m  platform  and  held  approx! 
mately  7/8”  above  it  to  allow  the  cable  conduit  to  clear. 
Test  conditions  were  the  same  as  described  in  paragraphClL 
The  loose  contactor  parts  rattled  and  the  core  of  the 
thermal  relay  moved  in  and  out.  There  was  no  damage  noted 
after  the  test. 
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PHASE  4,  MECHANIGAL 

Mechanical  design  problems  encountered  during  development  of 
Antenna  Group  0A-1227(XE-l)/PPS  are  discussed  in  parts  as  outlined 
in  Section  1. 

The  mechanical  design  changes  for  the  rf  components  (reflector, 
feedhorn,  rotary  Joint  and  ooax-to-wavagulde  transition)  are  dis¬ 
cussed  in  Task  A,  Phase  1. 

Detailed  final  design  procedures  for  antenna  assembly,  dis¬ 
assembly  and  coraponent  stowage  in  transit  oases  are  given  in  the 
Technical  Manual  for  Antenna  Group  0A-1227(XE-1 )/rPS. 

Calculations  providing  the  overturn  moment,  of  the  assembly, 
during  erection  are  given  in  addendum  L. 

Part  a.  ANTENNA  PEDESTAL 
(See  figure  13) 


1.  General 

Mechanical  design  of  the  antenna  pedestal  was  generated  to 
fulfill  the  electrical,  mechanical  and  environmental  requirements 
of  the  equipment  specification.  The  Design  Plan  was  used  as  a 
guide  for  development  of  the  Pedestal, 

2,  Design 

The  original  design  plan  of  the  antenna  pedestal  component 
parts  is  the  same  as  the  final  design  except  as  given  below, 

(a)  ANTENNA  DRIVE  MOTOR.  -  Lightened  by  use  of  cast  aluminum 
frame  instead  of  cast  iron, 

(b)  CONTACTOR  BOX.  -  Component  locations  were  rearranged  to 
accommodate  inclusion  of  circuit  breaker  in  place  of  fuses. 
(Serial  numbers  3  through  7  only.) 
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(c)  REPIEOTOR  SUPPORT,  -  IDia  lifting  points  on  the  originally 
designed  pedestal  required  one  short  and  two  long  legs  of  the 
sling  for  lifting.  To  avoid  possible  mistakes  In  attaching  the 
sling. the  lifting  points  were  relocated  to  use  a  sling  wlt£  three 
short  legs, 

(d)  PEDESTAL  WEIOHT 

Before  any  official  drawings  existed,  a  preliminary 
estimate  was  made,  predicting  the  pedestal  weight  to  be  approxi¬ 
mately  1^00  pounds.  With  later  developments  and  the  availability 
of  more  accurate  information,  the  necessity  for  a  reappraisal  of 
this  estimate  was  recognized.  Listed  below  are  areas  where  such 
Information  Influenced  this  evolution: 

(1)  Hardware  and  Internal  Components 

Little  was  known  of  the  wel^d^ts  and  quantities  of 
hardware  and  components  which  were  eventually  in¬ 
corporated  In  the  final  design* 

(2)  Rotary  Joint 

All  of  the  electrical  and  mechanical  requirements 
of  the  rotary  Joint  were  not  known  in  sufficient 
detail  to  accurately  predict  Its  weight.  It  even¬ 
tually  proved  necessary  to  employ  heavy-wall  brass 
In  Its  construction  In  order  to  provide  the  ideal 
electrical  properties  and  sufficient  strength  to 
contain  the  required  pressuw.  Consequently,  .Its 
final  weigth  was  over  four  times  as  great  as  the 
original  estimate. 

(3)  Main  Bearing 

The  original  estimate  of  the  weight  of  the  main 
bearing  was  evolved  from  other  Information  of  a 
preliminary  nature.  It  was  later  found  that  the 
weight  of  the  reflector  assembly  was  higher  than  the 
preliminary  flgiure,  and  that  Its  center  of  gravity 
was  further  from  the  center  of  the  pedestal  than 
originally  assumed.  Thus  the  offset  load  moment 
was  much  higher  than  anticipated.  This,  In  tuivi 
necessitated  an  Increase  In  the  Ipad-oarrylng  capacity 
of  the  main  bearing  with  a  resultant  Increase  In  its 
size,  and  therefore.  Its  weight. 

(4)  Castings 

(a)  The  wall  thicknesses  of  certain  portions  of  the 
castings,  such  as  strength  webs  and  stiffeners, 
became  greater  as  dictated  by  optimum  foundry 
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praotioea*  tihe  relationship  between  adjacent  molten 
masses  of  various  sixes  cooling  In  a  mold^must  be 
such  that  distortion  Is  held  to  a  minimum. 

(b)  Solid  cores  were  used  In  making  the  sand  molds  for 
the  castings,  removing  the  cores  from  the  molds. 

It  was  necessary  to  "rap”  them  In  order  to  work  them 
free.  This  "rapping"  caused  the  mold  cavities  to 
become  slightly  enlarged,  with  the  consequence  that  a 

freater  amount  of  molten  metal  flowed  into  each  mold, 
he  result  was  heavier  castings. 

The  circumstances  listed  above  had  the  cumulative  effect 
of  Increasing  the  pedestal  weight  to  approximately  2600  pounds. 

Part  b.  TRANSIT  CASES 

(See  figures  21  and  22.) 


1 •  General 


Two  transit  oases  Ibr  transport  stowage  of  the  antenna  group 
components  are  provided.  In  accordance  with  the  revised  specifi¬ 
cation  requirements,  the  maximum  height  of  the  loaded  truck  can 
not  exceed  11  feet  and  the  case's  center  of  gravity  shall  be  low. 

To  comply  with  these  requirements  required  considerable  changes 
from  the  original  design  plan  (Haseltlne  Report  No.  $227)» 

The  antenna  reflector  case  of  final  design  Is  146  inches  long 
X  8C  Inches  high  x  86-1/2  Inches  wide.  !Ihe  antenna  pedestal  case 
of  final  design  Is  146  inches  long  x  8l  inches  high  x  86-1/2  Inches 
wide. 
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2*  Design 

After  the  design  of  the  reflector  was  established,  the  reflector 
transit  case  design  was  started.  Preliminary  layouts  showed  that, 
only  two  possible  arrangements  of  the  reflector  sections  could  be 
used  to  fit  the  eight  sections  In  one  case.  Assembly  sequence  was 
considered  but  could  not  be  maintained. 

As  two  connections  on  each  horizontal  Joint  of  the  section  were 
available  the  opposite  half  of  the  connection  was  secured  to  two 
4x4  beams  In  the  transit  case  bottom  for  the  main  support.  The 
top  side  of  each  section  was  held  by  two  light  aluminum  braces, 
which  at  first  were  rubber  mounted,  but  were  later  revised  to  a  solid 
mount  because  of  excessive  transmlsslblllty  during  the  package  test. 
As  the  reflector  sections  used  up  about  85%  of  the  available  space 
In  one  transit  case,  only  a  limited  number  of  additional  parts  could 
be  stowed  with  It.  The  auxiliary  "A"  frame,  used  for  erection,  was 
stowed  on  the  outside  as  there  was  no  room  In  either  case.  As  the 
Signal  Corps  wanted  to  unload  the  reflector  case  on  the  truck,  a 
swing  out  step  was  provided  In  front.  !Ihe  tall  gate  could  be  used 
as  a  step  In  the  rear.  It  was  not  possible  to  get  between  the  case 
and  the  reflector  sections.  Access  to  the  reflector  sections  was 
by  means  of  three  hinged  gates  secured  by  the  Kennedy  designed  con¬ 
nector  (see  Phase  1,  Part  a). 
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The  pedestal  transit  case  presented  many  more  difficult  stow¬ 
ing  problems  than  the  reflector  case.  Most  parts  were  of  a  shape 
that  would  not  allow  economical  placement.  Most  difficult  were 
the  pedestal,  pedestal  support  legs,  feedhom  assembly,  and  center 
reflector  support.  The  great  majority  of  parts  were  of  tubular 
sections,  so  a  clamp  was  devised  using  a  1/4  turn  Alr-Loo  fastener 
foreclosure.  As  the  clamp  had  to  olamp  tightly,  the  Air-Loc  fastener 
was  found  unsuitable  as  it  could  not  pull  the  hinged  clamp  tl^t 
enough.  In  place  of  this  fastener  a  Simmons  Link  Look  #2  was  used 
with  good  results.  As  the  pedestal  weighed  over  2^00  lbs.  It  pre¬ 
sented  a  large  problem  In  Itself,  The  case  could  not  be  made  strong 
enou£pi  to  take  IdQ  shocks  for  three  hours  on  an  item  of  this  weight, 
without  some  attenuation  of  the  shock.  Twelve  (12)  Lord  compres¬ 
sion  mounts  that  allowed  1"  of  motion  were  mounted  on  a '3-1/2'' 
aluminum  tube  at  the  six  main  leg  mounting  points.  As  these  were 
calculated  to  be  on  a  plane  In  line  with  the  center  of  gravity  of 
the  pedestal,  there  should  be  a  little  rocking  motion  caused  by 
vibration  and  shocks.  During  the  package  test  It  was  noted  that 
there  was  some  rocking,  indicating  the  mounting  was  not  exactly 
on  the  plane  of  the  center  of  gravity.  However,  the  shock-mounts, 
pedestal  and  case  showed  no  signs  of  damage.  In  order  that  the 
pedestal  could  be  removed  first,  a  gate  In  the  top  of  the  case 
(over  the  pedestal)  was  provided. 

Many  of  the  problems  that  occurred  were  not  apparent  during 
the  initial  proposal.  Solution  of  the  problems  was  arrived  at 
only  after  many  times  the  allotted  hours.  Because  of  the  urgency 
of  delivery,  design  of  the  pedestal  transit  case  suffered  greatly. 
Final  design  was  accomplished  only  after  one  was  built.  As  a 
matter  of  fact,  final  placement  of  the  stowed  parts  was*  arrived  at 
only  by  actual  placement  of  the  full  size  pieces,  and  engineering 
personnel  providing  on  the  spot  supervision. 

In  spite  of  the  many  difficulties,  a  sound  adequate  design  was 
obtained  and  few  changes  would  be  necessary  to  optimize  the  parts. 

In  general  the  overall  design  of  both  transit  oases  was  aooompllshed 
maintaining  a  complete  structure  at  all  sides. 

At  various  stages  In  the  development  and  testing  of  this  equip¬ 
ment,  difficulties  have  arisen  In  the  fastening  of  rubber  chafing 
pads  to  the  Inner  surfaces  of  clamps  on  the  transit  cases.  Some 
rubber  pads,  seemingly  securely  attached,  could  be  lifted  and 
peeled  off  by  hand.  Others  would  vibrate  free  during  a  test,  and 
still  others  would  fall  off  by  themselves,  after  having  been 
securely  attached  for  a  considerable  period.  Continuous  Investi¬ 
gations  and  testing  were  conducted  until  the  causes  and  remedies 
for  this  problem  were  discovered. 

Among  the  causes  for  this  deficiency  are  the  following: 

(1)  Certain  adhesives  recoimaended  for  bonding  rubber  to  metal 
surfaces,  although  showing  excellent  strength  In  tension. 
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proved  to  be  weak  in  shear.  As  a  x'esult,  there  was 
little  resistance  to  scuffing  and  peeling,  the  most 
common  disturbances  to  ^ich  the  pads  are  exposed* 

(2)  Some  of  the  rubber  samples  tested  exhibited  a  relatively 
hl^  wax  content.  Ihe  presence  of  wax  has  a  retardant 
affect  on  adhesive  bonding. 

(3)  Unclean  surfaces: 

(a)  It  was  found  that  dirt,  grime  or  paint  were  present 
under  soma  of  the  pads  which  had  a  bonding  deficiency. 

(b)  The  rubber  itself  has  molding  powder  on  Its  surfaces. 
This  powder  acts  as  a  retardant  to  adhesive  bonding. 

(4)  Improper  application: 

(a)  In  some  cases.  It  was  evident  that  an  insufficient 
amount  of  adhesive  had  been  applied,  parts  of  the 
rubber  pad  surface  being  without  adhesive, 

(b)  Certain  adhesives  used^requlred  Intermittent  stages 
of  application  and  air>curing  prior  to  final  contact. 
Doubt  exists  that  these  procedures  were  strictly 
followed  in  all  oases. 

(c)  Some  adhesives  required  the  application  of  pressure 
after  contact.  In  some  Instances  this  may  not  have 
been  done  for  the  required  period. 

Accidental  mechanical  abrasion  accounted  for  some  of  the 
deficiencies.  There  Is  no  adhesive  known  that  can  withstand 
abrasive  forces  In  the  magnitude  possible  during  the  handling 
of  heavy  equipment. 

The  eventual  solution  to  this  problem  lay  in  the  elimination 
of  all  of  the  above  factors,  which  alone,  are  causes  of  adhesive 
bonding  deficiencies.  This  was  accomplished  by: 

(1)  Using  Eastman  9-10  adhesive,  which  has  a  relatively  high 
shear  strength,  and  presents  no  particular  problems  in 
application  or  curing, 

(2)  Thorough  cleaning  of  all  surfaces. 

(a)  Metal  surfaces  cleaned  by  scraping  to  bare  metal, 
removing  all  paint,  grime,  and  oxide  films. 

Metallic  dust  Is  wiped  off  and  the  surface  treated 
with  MEK  solution. 
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(b)  Rubber  surfaces  to  be  cemented  are  prepared  by 
abrading. 

(0)  Molding  dust  is  removed  from  rubber  surface  by 
brushing  with  MEK  solution* 

(3)  Application  of  adhesive  Is  administered  carefully,  so 
entire  pad  surface  Is  covered. 

(It.)  Pressure  applied  to  the  rubber  pads  by  closing  the  clamp 
tightly  about  a  pipe. 

(5)  Rubber  having  a  lower  wax  content  was  used,  samples  being 
tested  intermittently. 

In  view  of  the  findings  determined  by  the  field  evaluation 
tests  and  Hazeltine  inspection  on  their  return  from  Port  Bliss, 
Texas,  the  following  minor  changes  were  made: 

(a)  To  both  transit  cases; 

(1)  The  bottom  portions  of  both  ends  were  reinforced  to 
make  the  case  capable  of  being  fork  lifted. 
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(2)  Jam  nuts  were  added  to  turnbuokles  on  hold  dovn 
cables. 

(3)  Holes  in  the  case  skids  were  enlarged  so  they  could 
accept  the  no*  30  hook  supplied  with  the  H-3&  truck. 

(1;)  All  door  holding  oatohes  were  changed  to  the  quick 
disconnect  type  used  on  the  antenna  reflector. 

(5)  All  Airlock  Fasteners  were  replaced  by  a  Simmons 
Link-Lock  type  fastener, 

(b)  To  the  antenna  reflector  case: 

(1)  Clamps  were  added  to  the  auxiliary  ”A'‘  frame  stowage 
to  prevent  end  movement. 

(2)  The  top  member  of  the  door  side  of  the  case  was 
strengthened. 

(c)  To  the  antenna  pedestal  case: 

(1)  Brackets  were  added  on  the  top  of  the  tool  box  to 
secure  the  antenna  control  box  during  transit, 

(2)  A  reinforcing  gusset  was  added  to  the  upright  near 
the  tool  box. 

(3)  The  access  door  in  the  top  was  redesigned  to 
eliminate  brackets  protruding  in  the  pedestal  nrea. 

(4)  Brackets  that  support  the  bridges  were  set  further 
apart  to  provide  more  room  in  the  contactor  box 
area.  The  resultant  long  bridges  were  reinforced 
to  prevent  bending. 

(5)  Lifting  holes  Were  reinforced, 

(6)  The  method  of  securing  the  cable  reel  was  changed 
from  ’’J"  bolts  to  a  clamp  through  the  center  hub. 

(7)  The  rear  access  door  was  reinforced. 

(B)  The  lead  of  pedestal  bridges  were  chamfered  to 
facilitate  loading. 

(9)  Bracket  stops  were  added  to  prevent  the  Jack  screws, 
on  the  tripod  legs,  from  unscrewing  during  transit. 
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(10)  Tha  antenna  rear  si5>port  stowage  was  redeslgnadj  froai 

a  stud  that  fastened  to  the  threaded  hole  in  tha  support^ 
to  a  socket  type  mount. 

(11)  The  stowage  of  the  front  antenna  support  was  relocated 
to  prevent  the  captive  screws'  from  rubbing  on  the  left 
inner  truss. 

3.  Bounce  and  Shook  Tests 

The  transit  cases  were  subjected  to  bounce  and  shook  tests  in 
accordance  with  the  provisions  of 'paragraphs  3.8  and  4. 3* of  the 
Technical  Requirements  No.  SCL-5296.  !mase  testi^  were  conducted 
for  Haseltine  Electronics  Division  under  the  direction  of  XTSASRDL 
personnel  for  the  purpose  of  qualifying  the  transit  case  as  a 
shipping  container  for  military  radar  equiptnent. 

(a)  BODHGE  TEST 

Each  transit  case,  with  contents  in  place,  was  mounted 
on  a  hriiOO  pound  steel  structure  simulating  a  truck  bed.  The 
transit  eases  were  secured  to  the  carriage  with  four  chains  equipped 
with  load  binders  and  restricted  from  lateral  motion  by  corner 
fences  attached  to  the  carriage.  At  Package  Research  liaborator/, 
Roekaway.  New  Jersey,  the  carriage  was  placed  upon  the  vibratlim 

Platform  of  an  L.A.B.  Corp.  package'  tester  of  lOfOOG  lbs.  capajlty. 

”  amplitude,  operating  in  a  synchronous  circular  orbit  in  the 
vertical  plane.  Vertical  forces  were  measured  by  an  accelerometer 
affixed  to  the  carriage,  its  amplified  output  being  displayed  on  a 
CRT  oscilloscope.  The  results  of  'the  test  are  as  follows: 

(1)  Reflector  Case 

One  guy  rod  clamp  slipped  allowing  the  free  and  to 
whip  against  parts  below.  The  test  was  interrupted 
and  it  was  seen  that  Improper  tightening  of  clamp 
bolts  allowed  this  to  occur.  After  the  clamp  was 
relocated  and  tightened,  no  further  loosening 
occurred. 

The  top  "A"  frame  clamp  broke,  adjacent  to  the  weld 
idiich  attached  it  to  the  case.  The  test  was  inter¬ 
rupted  and  it  was  found  that  a  rubber  liner  in  the 
clamp  had  been  lost,  and  the  "A"  frame  cable  was 
causing  abrasion  to  the  "A"  frame.  Several  changes 
were  made  on  the  reflector  case  and  the  "A"  frame  as 
as  nesult  of  this  test.  A  clamp  was  used  to  replace 
the  yoke  which  held  the  apex  of  the  "A”  frame  to 
the  transit  case.  The  upper  swiveling  guide  of  the  "A” 
frame  was  made  secure  with  a  fastener  and  a  storage 
bin  was  Installed  on  the  "A"  frame  for  stowing  the 
"A”  frame  bridle. 
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An  anchor  bolt  sheared  at  the  frame  end  of  the  rear 
stabilizing  tube.  !Ihs  test  was  Interrupted,  and  the 
bolt  replaced.  The  bolt  was  probably  faulty  since  all 
other  anchor  bolts  held.  Peaks  of  lOg  and  7g  were 
subsequently  reached  without  further  failure. 

(2)  Pedestal  Case 

After  peaks  up  to  lOg,  a  clamp  attached  to  the  pedestal 
mount,  holding  the  "Right  Inner  Truss"  broke  near  the 
attachment  weld.  The  teat  was  not  interrupted. 

After  30  minutes  of  testing,  it  became  evident  that  the 
concentration  of  the  pedestal  weight  at  one  end  of  the 
case  caused  an  imbalance, leading  to  higher  values  of 
vertical  acceleration  than  would  normally  be  encountered., 
The  test  v;as  interrupted  and  1^0  pounds  of  iron  added 
to  the  end  of  the  carriage  opposite  the  pedestal.  The 
15c  pound  weight  was  later  increased  to  436  pounds, 

A  captive  pin  backed  out, releasing  one  of  the  leveling 
jack  screws,  !Hie  test  was  interrupted,  and  the  jack 
screw  was  removed  and  left  out  for  the  remainder  of 
the  test,  A  positive  locking  device  was  used  to  re¬ 
place.  the  captivating  pin  for  the  jack  screws. 

All  other  broken  clamps  were  repaired,  reinforced  and 
relocated  so  as  to  prevent  further  failure, 

(5)  Conclusion 

After  those  minor  failures  had  been  discovered  and 
corrected,  the  tests  proceeded  without  further  diffi¬ 
culty,  The  transit  oases  were  considered  suitable  for 
their  intended  purpose  in  cognizance  of  paragraphs 

ard  4,3  of  the  Technical  Requirements,  A  complete 
description  of  the  tests  and  recorded,  data  is  included 
in  Section  P  of  Hazeltlne  Report  No.  $122  "Operating 
and  Performance  Tests," 

(b)  SHOCK  TEST 

In  accordance  with  paragraph  4»3»5  of  the  Technical  Requlra- 
ments,  both  transit  cases  were  subjected  to  a  free  fall  drop  testi 

Each  case  was  supported  at  one  corner  of  its  base  by  a  block 
5  Inches  in  height,  A  12-inch  block  was  placed  under  the  other 
comer  on  the  same  end  of  the  transit  case.  By  means  of  a  quick- 
release  hook,  the  opposite  end  of  the  case  was  raised  6  Inches  and 
allowed  to  fall  freely.  This  operation  was  repeated  until  each  of 
the  four  corners  had  been  dropped. 
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(1)  Rafleotor  Case 


Part  0. 


The  reflector  case  was  tested  at  the  Package  Research 
Laboratory!  Rockaway,  New  Jersey,  An  inspection  re¬ 
vealed  no  damage  as  a  result  of  this  test. 

(2)  Pedestal  Case 

The  pedestal  case  was  tested  at  Suffolk  Products  Corp,, 
Greenlaim!  New  York,  with  no  damage  resulting  from 
this  teat. 

A  description  of  the  shock  tests  is  included  as  section 
H  of  Hazeltlne  Report  No,  $122,  "Operating  and  Performance 
Teats," 

INSTALLATION  ACCESSORIES 
(Sea  figures  21+  through  2?.) 


1,  General 

In  accordance  with  the  contract  requirements  accessory  components 
are  Included,  to  aid  in  the  assembly  of  Antenna  Group  0A-1227(XE-1  )/r]rS. 
The  contract  was  modified  to  Include  the  truck  busiper  support  Jacks 
(figure  2$),  whan  investigation  determined  that  the  front  axle  of 
the  M-35  truck  was  only  rated  for  an  additional  $00  lb,  load, 

2.  Design 

The  auxiliary  "A"  frame  as  originally  designed  was  thought  to 
be  foolproof.  However,  during  the  field  evaluation  tests  at  Port 
Bliss,  Texas,  a  tearing  of  the  frame  occurred,  during  erection  of 
the  antenna,  Hazeltlne  engineers  examined  the  damaged  frame  and 
concluded  the  failure  had  occurred  because  the  erection  instruc¬ 
tions  had  not  been  followed.  However,  in  order  to  prevent  other 
such  occurrences,  Hazeltlne  redesigned  the  auxiliary  "A"  frame. 
Extensive  tests  and  use  in  numerous  erections  produced  no  further 
failures. 

The  ground  nail  originally  planned  for  use, Included  a  lifting 
eye  for  easy  removal.  However,  during  the  field  evaluation  tests 
a  lifting  eye  broke  at  the  weld  while  the  nail  was  being  driven 
into  the  ground  by  a  sledge  hammer.  In  view  of  this  failure, 
ground  nails  being  supplied  (see  figure  26)  have  a  straight  pin, 
below  the  nail  head,  in  lieu  of  the  lifting  eye.  The  nail  head 
shoulder,  extending  below  the  pin,  prevents  the  pin  from  contacting 
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the  support  pad«  This  allows  the  hook  of  the  "A"  frame  cable  to 
engage  the  pin,  permitting  easy  removal  from  the  ground. 

One  basic  lift  sling  is  provided  (A  -  figure  27),  by  removal 
of  the  various  extensions,  as  indicated,  the  one  sling  Is  used 
to  perform  all  lifting  functions. 

The  guy  rods  as  provided  are  adjustable,  with  a  minimum  length 
of  7  feet  3  inches;  which  length,  calculations  have  proven,  is 
the  minimum  acceptable  guy  length. 

Two  types  of  soil  anchors  are  provided  for  soft  and  hard 
soils.  In  general  the  screw  type  anchor  is  used  whenever  possible. 
The  arrowhead  type  anchor  is  used  when  the  soil  is  too  hard  to 
accommodate  the  screw  type,  A  very  comprehensive  Investigation 
of  soil  types,  and  the  anchors  required  for  each  type,  was  con¬ 
ducted.  In  collaboration  with  the  Signal  Corps  it  was  decided 
not  to  provide  anchors  for  rocky  conditions  as  special  drilling 
tools  would  be  required,  or  swampy  conditions  as  the  area  would 
probably  be  inaccessible  by  truck.  Different  diameters  (8  Inchet 
to  16  inches)  of  screw  anchors  were  investigated;  the  10  inch 
diameter  anchor  supplied,  was  found  to  hold  best  in  most  soil 
conditions.  Refer  to  addendum  M  for  information  compiled  on  all 
suitable  types  of  ground  anchors. 
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Part  d.  MISCELLANEOUS 

1.  Corroalon  of  some  steel  parts  was  observed  during  the  field 
evaluatloh  tests;  where  permissible,  these  parts  will  be  given 
an  application  of  grease, 

2.  All  rubber  surfaces  will  not  be  painted. 

3.  Inspection  of  the  first  service  test  model,  by  Hazeltlne,  after 
the  field  evaluation  teats  revealed  loose  gaskets  and  loose  rubber 
bumpers.  To  prevent  future  loosening,  Eastman  910,  a  rapid  setting, 
high  strength  adhesive  is  now  used  to  secure  all  rubber  items, 

1^,  The  name  and  number  tags  Identifying  the  assembly  parts  origi¬ 
nally  were  decals,  these  heeAme  loose  and  fell  off  dUi-lijg  Lhe 
evaluation  tests.  The  decals  were  changed  to  metal  tags  and  are 
now  securely  fastened  with  drive  screws. 

TASK  B.  MODIFICATION  OP  SHBIITER 

The  shelter  modifications  were  necessitated  by  the  contractual 
change  requiring  Antenna  Group’ OA -1227 (XE-1 ) /TPS  to  operate  with 
Radar  Surveillance  Shelter  AN/6SS-1, 

This  task  is  divided  into  two  phases  -  circuitry  and  mechanical. 
The  antenna  control  box  (vflille  mounted  in  the  shelter)  la  supplied 
as  part  of  the  antenna  group.  Reference  to  the  control  box  under 
Task  B  is  therefore  limited  to  mounting  requirements  and  cabling 
for  the  box, 

PHASE  1,  CIRCUITRY 

Circuitry  for  the  shelter  modification  is  discussed  in  two 
parts,  part  a  interconnecting  box  and  part  b  cabling. 

Part  a.  INTERC COTE 0 TING  BOX 

1,  General 


To  comply  with,  the  specification  requirement  (to  filter  all 
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voltage  lines  entering  and  leaving  the  shelter)  the  interconnecting 
box  is  provided  as  part  of  the  shelter  modification .  In  addition 
to  filtering  the  voltage  lines*  the  box  provides  a  convenient 
temihation  for  all  antenna  to  shelter  cabling  except  the  rf  cable 
(RF3(^)«  thus  facilitating  assembly  and  disassembly. 

2.  Design 

To  provide  the  correct  filtering  for  the  interconnecting  box* 
four  different  types  of  filters  are  employed.  Ihe  filters  are 
purchased  parts  from  Sprague  Electric  Co.*  the  four  Sprague  types 


and  ratings 

are  as  f oil ova t 

2JX44A1 

-  2  amp  115-volt  f»d-cycle 

S-68316 

-  G.l  amp  115-volt  6G-cyole 

5JX94 

-  5  anp  Il5-v6lt  4^®“oyclo 

5JX27 

-  5  amp  50-volt  do 

To  accommodate  the  control  wiring  changes  between  antenna 
groups  serial  numbers  1*  2  and  3  through  7*  filters  !Ti9C9*  FL910 

and  FL925  were  changed  from  the  C.l  amp*  ll5’’Volt*  6C-cyole  type 
to  the  2  amp,  ll5-volt*  6C-eyele  type. 

Part  b.  CABLIKO 

TSee  figure  2L) 

1,  General 


Cables  are  not  supplied  as  part  of  the  modification  kit. 
However*  cable  W29,  supplied  with  Antenna  Group  0A-1227(XE>1)/TPS* 
is  required  for  connection  of  the  antenna  control  box  within  the 
shelter.  The  balance  of  the  cables  within  the  shelter  (WIG*  Wll* 
W7G1  and  RF854)  required  for  the  shelter  modification  are  supplied 
with  Radar  Surveillance  Shelter  AN/GSS-1, 

2.  Design 

All  cabling  design  changes  in  the  shelter  were  in  the  rf  cable. 
Originally  a  stranded  conductor  (Amphenol  type  421-1G3)  rf  cable 
was  used.  The  Fort  Bliss*  Texas  evaluation  test  proved  this  cable 
to  be  inferior  to  the  solid  conductor  RG>19/t7  type.  The  final 
design  utilises  a  section  of  RG-19A^  (RF65ii)  supplied  with  shelter 

an/g1s-i. 

The  original  design  for  rf  connector  (RF9G1)  was  for  a  straight 
through  connection*  with  both  connections  at  right  angles  to  the 
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shelter  wall.  Changing  rf  cable  RP30  (Sea  Task  A,  Phase  1,  Part  e.) 
to  type  RG-I9/II,  neeeasitated  a  right  angle  connector  at  the  out¬ 
side  of  the  'shelter.  Changing  this  connector  permitted  the  cable 
to  parallel  the  shelter  wall,  thus  allowing  regulation  of  the  solid 
oonduotor  cable  bend  radius. 

PHASE  2.  MECHANICAL 

1,  General 


Tja.e  mechanical  phase  of  Task  B  consists  of  (1)  the  physical 
modifications  reouired  on  the  shelter  wall  to  accommodate  rf 
connector  (RP901)  and  the  interconnecting  box,  and  (2)  installation 
of  the  antenna  control  box  mounting. 

All  hardware  and  templates  to  complete  the  modification  are 
supplied  as  part  of  the  modification  kit.  In  addition  cover  plates 
are  provided  for  the  wall  openings  made  to  accommodate  the  inter- 
eonnsoting  box  and  rf  connector.  These  cover  plates  are  for  use 
if  the  components  are  removed  from  the  shelter. 

Refer  to  addendum  to  Technical  Manual  for  Antenna  Group 
0A-1227(XE-1 l/rPS  for  final  design  details  of  AN/GSS-1  modification 
for  antenna  group. 

2,  Design 

In  the  original  design  of  the  shelter  modification  (as  shipped 
to  Port  Bliss,  Texas)  the  interconnecting  box  and  rf  connector 
adapter  plates  were  to  bo  attached  to  the  outer  wall  of  the  shelter 
with  rlvnuta.  The  Signal  Corps  objected  to  this  type  of  construction 
because  a  special  tool  would  be  required  for  installation.  To  com¬ 
ply  with  the  Signal  Corps  objection,  Hazeltlne  redesigned  the 
installation  utilizing  back-up  plates  with  threaded  Inserts  for 
attachment  of  the  adaptor  plates  to  the  shelter. 
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SECTIOU  CONCLUSIONS 


The  following  conclusions  presented  are  the  result  of  evalua¬ 
ting  the  factual  data  presented  In  Section  4* 

1,  REFLECTOR  AND  FEEDHOHN 

The  design  and  construction  of  the  reflector  and  feedhom  was 
carried  out  by  the  Donald  S.  Kennedy  Co. 

Overall,  the  performance  of  the  reflector  and  structural 
design  Is  adequate.  An  amendment  to  the  specification  was  re¬ 
quired  to  finalize  the  feedhom  design.  The  specification  change 
for  increased  IFF  vertical  beamwldth  aci:aally  Increased  the 
antenna  coverage  and  enabled  meeting  the  low  VSWR  requirements. 

2.  ROTARY  JOINT 

^e  original  specification  requirement  of  0.4  lbs.  permitted 
loss  of  pressure  per  24  hour  period,  would  have  resulted  in  a 
rotary  joint  that  would  have  been  operating  in  critical  areas. 
Amending  the  specification  to  permit  losses  of  from  1.3^  psl  to 
1.675  psl  per  day  enabled  the  final  design  of  a  very  satisfactory 
rotary  joint. 
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SECTION  6,  OVERALL  CONCLUSIONS 


Antenna  Group  OA-1227 (XE-1 )/TPS  has  undergone  a  series  of 
tests  that  prove  the  equipment  Is  acceptable  for  military  use. 

The  tests  described  In  Section  i).  and  Hazeltlne  Report  No.  5122. 
have  subjected  the  equipment  to  Its  operating  extremes.  No  major 
faults  or  failures  have  developed  during  this  comprehensive  pro¬ 
gram.  The  minor  failures  that  developed,  have  been  corrected  so 
as  to  preclude  any  further  failure. 

The  service  tests  (at  Port  Bliss,  Texas)  performed  on  the 
antenna  group,  tested  It  in  actual  operation  for  a  period  of 
over  three  months.  Preliminary  information,  on  the  results  of 
these  tests,  Indicate  that  equipment  performance  was  satisfactory. 

Antenna  Group  0A-1227(XE-l)/TPS  should  therefore  be  con¬ 
sidered  as  an  equipment  providing  satisfactory  operation. 
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SECTION  7.  RECOMMENDATIONS 


VIhlle  the  final  design  was  adequatOj  certain  areas  lend  them¬ 
selves  to  further  Improvement.  Therefore,  the  following  recommen¬ 
dations  should  be  considered  for  the  future; 

a.  To  reduce  the  pedestal  weight  It  is  recommended  that; 

(1)  A  rotary  joint  be  fabricated  using  more  aluminum 
and  less  brass. 

(2)  Further  tests  be  conducted  with  an  assembled  antenna, 
simulating  extreme  specification  loading  conditions 
(e.g..  Ice  and  wind)  to  determine  if  a  lower  horse¬ 
power  antenna  drive  motor  Is  feasible. 

b.  Redesign  of  the  auxiliary  "A”  frame  to  enable  the  truck 
winch  operator  to  complete  erection  of  assembled  antenna 
without  use  of  tag  line. 

c.  For  production  in  quantity  It  is  recommended  that  the 
feedhom  be  cast  to  Insure  uniformity  of  patterns  and 
VS¥R  losses. 

d.  To  forestall  breakage  of  indicating  lights  on  the  con¬ 
tactor  box,  it  la  recommended  that  the  pedestal  be  indented 
to  receive  the  box,  and  a  protective  cover  supplied. 
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SECTION  8.  IDENTIFICATION  OP  KEY  PERSONNEL 


The  following  key  personnel  of  Hazeltlne  Electronics  Division 
participated  in  the  project  described  in  this  report: 


John  Slnnott 
Gerold  W,  Bugen 
Ira  Krupen 

Paul  L.  Dominique 
Prank  J,  Del any 
William  P.  Gerold 
Donald  T.  Geiger 


Design  and  Development  Supervisor 

Supervisory  Electrical  Engineer 

Mechanical  Engineering  Section 
Head 

Suporvlsory  Mechanical  Engineer 
Project  Administrator 
Project  Administrator 
Ass’t  Project  Administrator 


P4ZELTINE  ELECTRONICS  DIVISION 
Hazeltlne  Corporation 


s'upervisory  ke cnanlcal  Engineer 
Job  No.  208 


esign  Supervisor 
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FigttP*  1.  kaUm*  ovottp  0A-1227(XE-1)/TP8 
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Figure  U*  Aflsembling  Antenna  Reflector  (Sheet  1  of  2) 
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Figure  4.  Aaaambling  Antenna  Refleetor  (Sheet  2  of  2) 
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Figure  6,  Antenna  Redietlon  Pettema  (Sheet  1  of  2) 
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Pigara  6.  Antenna  Radiation  Pattena  (Sheet  2  of  2) 
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Figure  7,  Rotary  Joint  Aaseinbly 
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Figure  9.  Contaetor  Box  (equipment  aerial  Hoa.i  and  2) 
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Figure  10.  Front  Panel  of  Contactor  Box 
Tequipment  aerial  Noa.  3  throufjh  7) 
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Figure  11.  Contactor  Box  (equipment  serial 

Nos,  3  through  7) 
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Figure  12,  Antemii  Ctmtrol  Box 
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Figure  II4,  Control  Cireults,  Slnpllfled  Sohenatie 
(equipment  serial  Nos.  1  and  2) 
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Figurfl  15*  Control  Cireults,  Simplified  Sehemitio 
(equipment  eerlel  Nos.  3  through  7} 
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Figure  16.  Synchro  System,  Simplified  Schematic 
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Figure  17.  Lubrleetlon  Hosting  Control  Clreuits, 
Simplified  Schematic  (equipment 
serial  Nos.  1  and  2) 
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Figure  16«  LubrioetioB  Eeitlng  Control  Ciroultst 
Simplified  Sohemetle  (equipment 
serial  Dos.  3  through  7) 
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Figure  19.  Pressure  Control  Circuit,  Simplified 
Sohenstic  (equipment  serial  Nos.  1  and  2) 


anevse 


Page  XXI 


HAZELTINE  ELECTRONICS  DIVISION 

HAZELTINE  CORPORATION 


REPORT  1007$ 


I  AIR  PRESSURE 
IW1  fOFFl 


DS204 


Figum  20,  Pre88ur<  Control  Circuit,  Slaplifled 
Sohenctio  (equipment  eerlal  Nob.  3  through  7) 
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Figure  21.  ZUtarooimBotion  Cebllng  Diagram 
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Figure  23*  Antenna  Pedestal  Transit  Case 
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NOTES 

1.  NUMERALS  ON  ILLUSTRATION  ARE  USED  FOR  REFERENCE 
ONLY  AND  DO  NOT  APPEAR  ON  LIFT  SLIN3 

2.  A  LESS  1,2,3  AND  4i  ONE  LEG  TO  EACH  PICK-UP  POINT  ON  PEDESTAL  CASE. 

B  LEO  3  FOLDED  TO  "o"RIN0|  LEGS  1  AND  4  TO  PEDESTAL  LIFTING  EYES 
LEO  2  TO  BAIL  IRON  BEHIND  ROTARY  JOINT. 

C  LESS  2  AND  4  NOT  USED«  LEGS  1  AND  3  TO  PICK-UP  POINTS  ON  SUPPORT  ASSEMBLY. 

D  LESS  LAND  4  TO  EYES  ON  AUXILIARY  "a"  FRAME)  LEGS  2  AND  3  TO  PICK-UP 
POINTS  ON  FACE  OF  REFLECTOR. 


E  LEGS  2  AND  3  TO  PICK-UP  POINTS  AT  WIDE  END  OF  FEED  SUPPORT) 

LEO  1  TO  PICK-UP  POINT  AT  APEX  OF  FEED  SUPPORT4LEG  4  NOT  USED. 


Figure  27.  Lift  SI lag  Conflguratloni 
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Figure  28,  Overall  Electrical  Sohenatlo  Dlagran 
(equlpnant  serial  Nos*  1  «d  2) 
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Figure  29,  Overall  Electrical  Schematic  Diagram 
(equipnent  serial  Nos.  3  through  7) 
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ADDMDTO  A 

VOLTAGE  STAUDING  WAVE  RATIO  MEASUREMENTS 


Figures  A1  and  A2  shotf  the  VSWR  results  of  the  first  modal 
of  final  design,  figure  A3  (block  diagram)  illustrates  the  test 
hook-up  for  the  VSWR  measurements  in  2,  3,  and  k  balow*The  search 
radar  VSWR  measurements  (figure  Al,  paragraphs  2  and  3  below) 
were  taken  over  a  frequency  range  of  12^0  to  13^0  megacycles. 

The  IFF  bands  VSWR  measurements  (figure  A2,  paragraph  4  below) 
were  taken  over  frequency  ranges  of  1000  to  lOh^O  megacycles  and 
1080  to  1120  megacycles. 

1.  TEST  EQUIPMENT 

The  signal  generator  used  for  the  VSWR  measurements  is  a 
Hazeltine  Model  lO^OB,  modified  to  generate  frequencies  to  13^0 
megacycles.  A  Hewlett  Packard  Standing  V/ave  Meter,  supplied  from 
the  slotted  line  (sea  figure  A3)  by  a  crystal  diode  detector, 
provided  the  indication, 

2.  ROTARY  JOINT  INPUT 

The  VSWR  measured  at  the  input  to  the  rotary  Joint  is  shown 
in  figure  Al,  The  maximum  VSV/R  measured  was  1.32  at  1304  raega- 
ayoles. 

3.  radar  transmitter  output 

The  VSWR  as  seen  at  the  output  of  the  radar  transmitter  (see 
figure  Al)  was  found  by  measuring  the  VSV/R  into  radar  cable 
RP30  (see  figure  2),  The  maximum  VSWR  measured  was  1,45  at  I338 
megacycles, 

4.  .IFF  OUTPUT 

The  VSWR  measurements  taken  at  the  output  of  the  IFF  system, 
are  shown  in  figure  A2.  The  maximum  VSV;r  readings  were  1.^5  at 
1024  megacycles  and  1,73  at  1110  megacycles. 


In 


P  22  AV  2  R 


Page  Al 


HAZELTINE  ELEC 

HAZELTINE  ( 


REPORT  1007$ 


Figurs  Al.  Saareh  Ri| 


HAZELTINE  ELECTRONICS  DIVISION 

HAZELTINE  CORPORATION 


Appendix  A 


Figure  Al*  Search  Radar  S.^tem«  7SWR  Resulta 
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Figure  AS*  IFF  System,  VSVm  Results 
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ANTENNA  COVERAGE  TESTS 


The  antenna  coverage  tests  were  performed  by  the  D,  S,  Kennedy 
Co,,  at  Cohasset,  Massachusetts,  The  test  range  is  as  shown  in 
figure  Bl,  Polarization  of  the  transmitting  antenna  was  adjusted 
in  accordance  with  the  test  performed.  The  antenna  under  test 
was  mounted  on  a  tower  approximately  30  feet  high  in  its  normal 
attitude  for  azimuth  patterns  and  endwise  for  elevation  patterns. 
Signals  received  by  the  antenna,  being  tasted,  were  bolometer 
detected  and  recorded,  sea  figures  B2  through  B21, 

Paragraphs  1  through  6  below  describe  the  antenna  coverage 
tests,  and  give  the  results,  for  the  first  test  model.  Table  Bl 
tabulates  the  half -power  baamwidths  at  the  mid-point  of  each 
band  (in  both  E  and  H  planes)  for  test  models,  serial  numbers  2 
through  7. 

1,  ANTENNA  GAIN 

The  gain  of  the  antenna  was  measured  at  I300  megacycles  by 
the  substitution  method.  That  is,  a  standard  horn  of  known 
absolute  value  was  substituted  for  the  antenna  under  test,  both 
receiving  the  same  maximum  signal  and  the  same  detecting  system 
being  employed.  The  gain  of  the  antenna  was  calculated  as 
follows: 

Gain  of  antenna  above  standard  20,10  db 

Gain  of  standard  above  isotropic  14.11  db 


34.21  db 

2,  BEAM  ANGLE  ABOVE  HORIZON 

The  beam  angles  above  the  horizon  in  the  two  IPP  frequency 
bands  and  at  the  raid-point  of  the  search  radar  band  were  taken 
as  follows: 

a.  The  antenna  was  leveled  in  the  normal  position. 

b,  A  transit  was  mounted  to  the  reflector  support,  so  that 
its  azimuth  plane  was  parallel  to  the  reference  plane. 
The  transit  elevation  scale  was  adjusted  to  zero  degrees 
with  the  telescope  level, 

0,  The  reflector  was  turned  90  degrees,  so  that  it  '’stood” 
on  end. 
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d.  The  antenna  was  tilted  and  trained  for  maximum  received 
signal  and  a  reading  recorded. 

e.  The  antenna  was  then  trained  for  a  half -power  reading, 

f.  The  telescope  on  the  transit  was  adjusted  In  the  elevation 
plfine  until  the  edge  of  the  transmitting  antenna  was 
sighted.  The  scale  reading  of  the  transit  then  recorded. 

g.  The  antenna  was  rotated  In  Its  elevation  plane  until  the 
opposite  half -power  reading  was  obtained. 

h.  The  transit:  was  again  adjusted  as  In  f  above. 

1.  The  upper  and  lower  3  db  points  (half-power)  were  added. 
One  half  of  this  angle  was  then  subtracted  from  the  upper 
3  db  point  to  obtain  the  beam  angle  above  the  horizon. 

j.  The  results  of  the  tests  are  tabulated  below: 


Frequency 


Beam,  angle  above  horizon 


1300  megacycles 

1001.5  megacycles 

1118.5  megacycles 


2  degrees  1|.5  minutes 

3  degrees  ij.6  minutes 
3  degrees  37  minutes 


3.  AZIMUTH  PATTERNS 


Figures  B2  though  B8  show  the  principal  plane  horizontal 
patterns  measured  In  both  the  search  radar  and  IFF  bands.  !lhe 
following  Is  a  summary  of  the  half -power  beamwldths  and  side 
lobe  levels: 


Frequency 

(megacveles) 


Half-power  Side  lobe 

beamwldths  level 

(degrees )  ( db  down ) 


Search 

Radar 


IFF 


1250 

1.6 

28.0 

1300 

1.6 

29.7 

1350 

1.^ 

28.4 

1001.5 

1.8 

25.9 

103^.5 

1.8 

26.9 

1081.5 

1.6 

27.9 

1118.5 

1,6 

26.9 
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4.  BACK  RADIATION 

Back  radiation  (figure  B9}  was  measured  by  recording  a  360 
degree  azimuth  pattern.  The  radiation  in  the  vicinity  of  loC 
degrees  from  the  main  lobe  is  at  least  33  db  below  the  peak. 

5.  AZIMTJTR  SIDE.  LOBES  ABOVE  AND  BELOW  DEGREES 

The  azimuth  side  lobes  off  the  principal  plane  were  checked 
by  measuring  horizontal  patterns  at  specific  tilt  angles.  The 
antenna  was  tilted  sufficiently  to  determine  the  greatest  intensity 
of  side  lobes  whose  maximums  do  not  lie  in  the  principal  plane  of 
the  main  lobe. 

The  azimuth  side  lobe  patterns  are  given  in  figures  BlO  through 
BI4.  The  power  of  the  highest  side  lobe  with  respect  to  the 
reference  power  level  of  the  main  lobe  is  noted  on  the  patterns, 

6.  ELEVATION  PATTERNS 

The  elevation  patterns  (figures  Bl^  through  B21)  were  taken 
with  the  antenna  oriented  to  stand  on  end.  The  principal  plane 
vertical  patterns  were  measured  for  the  search  radar  and  IPP 
frequency  bands.  The  specification  limit  for  vertical  shaping 
is  shown  overlaid  on  figure  B16, 


TABLE  Bl.  HALF-POWER  BEAMWIDTHS 


TEST  MODEL 
(serial  number) 

H  PLANE 

(frequency  in  megacycles) 

E  PLANE 

(frequency  in  meg 

;acycles ) 

1020 

1100 

1100 

I3OO 

2 

1.83° 

1.7® 

1.67° 

7.90 

—H 

8.2® 

5.8® 

3 

1.870 

1.77® 

1.670 

8.130 

8.27° 

5.83® 

k 

1.83° 

1.73® 

1.7® 

8.13® 

.0 

CM 

• 

CO 

5.8® 

1,83° 

1.73® 

1.67° 

8.47® 

8.2° 

6.0® 

6 

I.8C0 

1.77® 

1.63° 

8.2® 

8,2° 

5.83® 

..  L . . 

__L8_70_ 

_1.J®  _ 

1.67® 

8.07° 

8.1® 

^.97° 
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Figure  Bl,  Antenna  Test  Range 
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Figure  B6«  HorlsontAL  Pattern,  IFF  Bader,  1038«5  Megaoyelee 
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Figure  B9*  Baek  Radiation  Pattenif  Search  Radar 
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ROTARY  JOINT  HIGH  POWER  TEST 


This  test  was  conducted  at  the  Rome  Air  Development  Center, 
Rome,  New  York.  The  rotary  Joint  was  connected  as  shown  in 
figure  Cl,  The  high  power  radar  signal  was  supplied  by  a 
magnetron  with  an  RG-b9  waveguide  output,  Ihe  power  divider  on 
tile  output  of  the  magnetron  provided  power  output  control.  Power 
was  measured  with  a  hlgh-power  water-calorimeter  load, 

A  double  stub  waveguide  tuner  was  connected  on  the  rotary 
Joint  output  and  the  water-calorimeter  load  connected  to  the 
waveguide  tuner.  The  output  of  a  test  generator  was  fed,  through 
a  10  db  attenuator  and  a  waveguide  slotted  line,  to  the  input 
of  the  rotary  Joint.  The  double  stub  tuner  was  then  adjusted  to 
provide  a  VSWR  of  1,3  in  the  slotted  line.  The  test  generator 
and  slotted  line  was  then  removed  and  the  input  of  the  Joint 
connected  to  the  magnetron, 

The  magnetron  trigger  circuit  was  adjusted  to  produce  pulses 
4  microseconds  wide  at  a  PRP  of  22^  pulses  per  second.  Therefore, 
to  obtain  a  peak  power  of  2  megawatts,  an  average  power  of  18DI? 
watts  must  be  obtained,  since: 

Pav 

p  =  - 

P  (Pulse  width)  (Pulse  Repetition  Rate) 

whore,  P^  is  peak  power  in  megawatts  and  Pav  is 
average  power  in  watts 

then  pulse  width  can  be  given  in  microseconds, 

1800 

that  is,  Pp  =  ”(|^)-  C22^~  “  ^  megawatts 

The  average  power  of  l800  watts  would  be  measured  on  the 
calorimeter  by  a  temperature  difference  on  the  two  thermometers 
of  3*4  degrees  C  in  accordance  with  the  following  calorimeter 
formula : 

Pav  =  Q  (  ^  T)  264 

where  Q  =  water  flow  (gallons/minute) 

^T  =  temperature  difference  (degrees  C) 

Pav  a  average  power  (watts) 

therefore,  Pav  -  (2)  (3,).|.)  (264)  ==  1795  watts 
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The  rotary  Joint  was  evaouated  to  a  gauge  pressure  of  6,7  psl 
(representing  an  altitude  of  16(000  feet  above  sea  level)*  Power 
was  transmitted  through  the  Joint  for  a  period  of  1$  minutes* 
during  which  time  no  adverse  eondltions  were  noted. 
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Figure  Cl,  Rotery  Joint,  Power  Teat 
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DBSION  OF  OVBI^IZED  ”0”  RIHOS 


I 

I 

I 

I 

I 


During  pr«8flure  tests  of  the  rotary  Joints^  air  leakage 
occurred  at  the  pressure  window  flanges,  with  the  pressure 
windows  mounted  in  the  .normal  manner*  Flat  plates,  when  sub¬ 
stituted  for  the  pressure  windows,  showed  no  evidence  of  leakage* 

A  subsequent  investlgatl«i  of  the  pressure  window  and  *’0”  ring 
groove  design  revealed  that  the  leakage  could  be  considerably 
slowed  by  placing  a  shim  in  the  groove  beneath  the  "0"  ring. 

Acoordlng  to  manufacturer's  design  standards)  the  groove  for 
this  also  "O*  ring  (.139  t  *00k  Inch)  should  be  cut  to  such 
depth  as  to  provide  a  minimum  ‘’squeeze’'  on  ttie  "0”  ring  of  0,02$ 
inch.  The  groove,  being  0,100  inch  deep,  should  provide  a  mini¬ 
mum  of  0,0y$  inch  of  "squeeze, "  more  than  adequate  for  proper 
sealing*  However,  this  assumes  that  the  window  sots  as  a  rigid 
flat  plate*  Since  the  leakage  has  persisted,  it  has  been  attri¬ 
buted  to  some  deflection  phenomena  existing  in  the  pressure  window 
assembly. 

In  the  worst  ease,  the  leakage  was  completely  halted  by 
placing  a  0,0^0  inch  shim  beneath  the  "0"  ring,  thereby  decreasing 
the  groove  depth  by  this  amount.  Thus,  the  theoretical  "flat 
plate  squeeze"  would  be  increased  to  0,0b$  inch. 

The  same  amount  of  "squeeze"  may  be  obtained  by  increasing 
the  cross  sectional  diameter  of  the  ”0”  ring  te  0,lf>$  inch  and 
using  it  in  the  standard  sroove  of  0,100  inch  depth.  By  using 
this  non-standard  size  "0"  ring,  the  amount  of  squeeze  required 
for  proper  s  ealing  was  obtained  and  the  need  for  an  extraneous 
part,  the  shin,  has  been  aliainated* 

The  sversized  "0"  ring  was  molded  by  the  Mechanical  Rubber 
Company,  Warwick,  N,  Y,  In  accordance  with  the  eptinum  dimenslens 
calculated  by  Hazeltlne  Sleotrenle  Division  as  follows: 

"0”  RlHO  DBSICH  CALCULATIONS 
Cross  Sactional  Areas: 

1  -  Standard  sized  groove  Aq  ■  ,171  x  ,100  ■  0,0171  in? 

2  -  Standard  "0"  ring  (.139  dla.)  Aq  «  ,  »  0,0lS2  In? 

3  -  Shims:  Ag  (max.)  «  ,171  x  ,00^0  ■  0,00$1  Ir^ 

Ag  (mod,)  ■  .171  X  ,002$  ■  0,001^.3  in? 

Ag  (min. )  ■  .171  X  ,0020  ■  0,003k  la? 
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Retio  of  Bxeeaa  Rubber  to  Avelleble  Speee  (R)t 
1  »  Maximum  oaeet 

R  -  Aq  ■  ■  As  (max.))  ,  0.01$2  -  (0.0171  •  0*0052) 


Aq  -  As 


0.0171  -  0.00^2 


0.01^2  -  0.0120  _ 

0,0032 

275^ 

R  ■ 

0,0120 

0.0120 

2  -  Median  oaaet 

R  * 

0.01?2  -  0.0128 
0,0128 

O.OOEk 

0.0128 

-  195C 

3  -  Minimum 

oaaet 

R  * 

0.0152  -  0.0137 
0.0137  * 

o-oois 

0.0137 

*  lljJ 

STKTHESIZED  DESIGN  CRITERIA 

Method  It  Design  overaised  "0**  ring  for  median  ease  of  exoeas 
rubber  to  available  space  ratio. 


Aq  *  0.0171  Inf 


R  -  19% 


Aq  -  A^j  195^  A(j  -  Aq  (1-f  0.19)  *  (0.0171)  (1.19) 


Aq  ■  2.01;  X  10*^  In?  ■ 


4  ^0  1 

IT 

d  ■  0.160  Inch 


10-2)  » 


2.6  X  10 


-1 
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Method  II:  Design  overslsed  "0"  ring  for  median  case  idiere  Its 
orosa  seetional  area  is  equal  to  the  total  cross 
seotlonal  area  of  the  standard  "0"  ring  and  median 
shim. 

Aq  =  Ao  +  As(med,)  «  0.0152  0.001^.3  ■  0.0195  In? 

d  «\j.  '  '  ■  y2.1^8  X  10*1  «  1.575  *  10"^ 

d  «  0.158  inch 

The  diameters  computed  In  both  methods  I  and  II  are  approxi¬ 
mately  equal  and  should  constitute  the  median  else  required  for 
sealing  the  pressure  windows.  Therefore^  a  diameter  of  O.150  t 
.005  inch  has  been  selected  for  the  oversized  "0"  ring* 

Subsequent  air  presaure  ianersion  tests*  using  the  oversized 
**0**  ring  In  conjunction  with  the  rotary  joint  and  Alrtron 
pressure  windows*  showed  positive  results. 

In  all  oases  they: 

1.  Fit  the  groove  quite  well  without  extruding  tdxen  the 
flange  bolts  were  taken  up  tightly. 

2.  Effectively  eliminated  the  leakage  of  air  through  the 
pressure  windows.  This  fact  is  supported  also  by  the 
results  of  the  heat  run  oonduoted  on  antenna  pedestol 
aerial  number  3*  In  which  the  rotary  joint  was  sealed 
at  the  pressure  window  flanges  with  the  oversize  ”0" 
rings. 

During  the  2!t.-hottr  period  from  10:3(7  A.M.  9/26/60  to  10:30  A.N. 
9/27/60*  the  total  pressux^  drop  due  to  air  leakage  was  only  0.15 
pal*  well  within  the  specified  limit  of  1.66  psi/day. 
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PKRFORMANOE  DATA  SHEET 
OA-1227  ANTENNA  PEDESTAL 
SERIAL  NUMBER  3,  24>B0UR  BEAT  RUN 

Fraaaure 


Tima 

Temt).  °C 

(PSIA) 

Raaulta 

10:30 

17 

15.05 

Sinoe  the  terminal  temperature 

11:30 

19 

15.1 

readings  are  equal «  the  air 

12:30 

21 

is»k 

leakage  loss  la  the  difference 

1:30 

22 

lii.e 

In  the  terminal  pressures,  no 

2:30 

3*30 

2k. 

15.8 

temperature  correction  being 

required. 

U*30 

26 

16.0 

P  Initial  -  P  final  »  Leakaee  Rate 
Elapsed  time 

5*30 

25 

16.0 

6:30 

2k 

15.9 

15.05  pslg  -  14.90  pslg  «  0.15  ^ 

7*30 

23 

15.7 

24  Hours  PSI/Day 

8:30 

20 

15.4 

9*30 

20 

15.2 

10:30 

19 

15.1 

11:30 

17 

15.0 

7*30  am 

18.5 

15.0 

8:30 

17 

14.9 

9:30 

17 

14.9 

10:30 

17 

14.9 
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ADDENDUM  E 

ROTARY  JOINT,  ANTENNA  GROUP  0A-1227(XN-1  )/TP3 
SUMMARY  OP  2Ji  HOUR  CONTINUOUS  PRESSURE  TEST 


In  oorapllance  with  paragraph  3*3«S.10  of  SCL>5296,  provialona 
have  been  made  for  preasurizing  the  rotating  Joint  to  30  pounda 
per  aquare  inch,  abaolute  presaure. 

The  rotary  Joint  has  been  tested  while  continuously  rotating 
over  a  period  of  24  hours,  and  Its  leakage  rate  calculated  as 
follows: 

The  Initial  air  pressure  within  the  system  (pi)  was  15.0  pslg 
and  the  air  temperature  <ti )  was  29.3°C.  At  the  conclusion  of  the 
teat  (p2)  was  13.7  psig  and  (tg)  was  26. 5®C,  Although  the  pres¬ 
sure  gauge  readings  show  a  presaure  drop  of  1.3  psl,  it  must  be 
noted  that  there  was  also  an  accompanying  drop  in  tamperature. 

In  oorraotlng  for  the  temperature  differential,  the  readings  must 
all  be  converted  to  absolute  scales.  Thus: 

Pi  «  Pi  +  14.72  =  29.72  psia  Ti  =  ti  +  273  ■  302.3°K 

Pg  ■  13.7  14.72  «•  28.42  psia  Tg  «  26.5  273  •  299. 5°K 

than  the  ideal  final  pressure  (2g^)  corresponding  to  (Tg)  Is  cal¬ 
culated  using  the  constant  volume  equation  for  changing  conditions 
In  one  gas. 

V  -  «  29.45  psia 

Ti  3U2.3°K 


By  subtracting  the  actual  final  pressure  gauge  reading  from  this 
value,  the  amount  of  air  leakage  in  psl  may  be  found.  Hence: 

Air  Leakage  «  7^  *  ^2  “  29.45  -  28,42  »  I.03  pal. 

Artlela  I6  of  the  second  amendment  (February  2,  1958)  to  para¬ 
graph  3. 3.2. 1C  specifies:  "The  leakage  rate  for  the  Joint  shall 
not  allow  a  loss  of  pressure  In  excess  of  £?,k  psl  In  a  24  hour 
Interval,"  Obviously  the  tested  leakage  of  1,03  psl  was  much 
greater  than  the  0,4  psl  per  day  allowed  by  the  above  amendment. 

In  view  of  the  basic  design  factors  Influencing  the  performance 
of  the  Joint,  It  was  Haaeltine^s  contention  that  the  above  speci¬ 
fication  is  overly  stringent  and  disproportionate  with  reasona¬ 
bility  of  design.  Following  are  some  of  the  design  limitations 
which  must  be  respected: 
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1.  By  stiffening  the  bellows «  which  would  Increase  the  sealing 
pressure «  the  leakage  could  be  reduced*  However*  there 
Is  a  maximum  limiting  surface  pressure  at  which  sealwear 
life  Is  sacrificed  for  a  little  less  leakage*  We  have 
designed  our  rotary  seal  bellows  Joint  to  function  safely 
below  this  limit* 

2*  Oonoelvably*  the  fine  finish  on  the  sealing  surfaces  (flat 
within  two  light  bands)  could  be  made  finer*  but  a  harder* 
closer  grained  material  would  be  needed*  A  compromise  was 
effected  here  by  using  a  high  grade  graphite  ring  with 
superior  qualities  of  long  wear  and  natural  lubrication* 

3,  Another  design  factor  Involved  is  that  of  the  total  life  of 
the  air  tank  at  a  given  leakage  rate*  Rather  than  impair 
the  effectiveness  of  the  rotary  Joint  by  obliging  it  to 
operate  under  critical  conditions*  Razeltlne  chose  to 
design  for  a  tank  with  a  longer  service  life*  and  a  sub¬ 
stantial  factor  of  safety  for  pressure  lose*  The  air  tank 
has  a  capacity  of  366  ou*  inches*  and  a  service  pressure 
of  2100  psig*  Assume  that  during  the  service  life  of  the 
tank*  that  its  pressure  will  drop  from  2100  psig  to  equalise 
with  that  of  the  system  at  30  psia. 

Air  Tank  Rotary  Joint 

?!  »  2100  psig  «  2115  pala  ?2  *  3^  P®*-® 

«  386  In^  Vg  »  750  ln3 

Assume  that  atmospheric  pressure  •*  pale 

Since  the  air  will  stop  exhausting  from  the  tank  when  Its 
pressure  reaches  equilibrium  with  that  of  the  rotary  Joint  its 
pressure  differential  (Pa)  will  be  2115  psla  -  30  psia  **  2085  psl 

Vd  ■  PaVs 

V.  .  Ml-  pat  »!■?)  .  1*3 

^  30  psia 


Vj  la  the  volume  that  the  air  in  the  tank  would  occupy 
at  30  psia  Inside  the  rotary  Joint*  Initially  the  rotary  Joint 
contains  7$0  in3  air  at  15  psia  wliich  is  equivalent  to  375  In? 
at  30  psia*  Therefore,  at  30  psia,  the  air  tank  Is  capable  of 
ootapletely  filling  the  rotary  Joint  35  times. 


26600  -  175 


750 


35.25 
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At  the  specified  leakage  rate  of  0,U  pal  per  day,  ‘uhloh  la 
equal  to  10  cubic  Inches  of  air  lost  from  the  rotary  joint  per 
day*  the  rotary  joint  may  be  completely  exhausted  in  I6OO  hours. 

jOi.4.. E?i/aaiL i25-0.. .  10  in3/day  air  lost 
30  psla 

^  las. 

■JgP.  iPi:  «  1800  hours 

10  Inr/day 

Since  the  rotary  joint  will  never  exhaust  below  atmospheric 
pressure  (15  psia)  only  one  half  of  its  volume  of  air  will  leak 
out.  Thus  the  time  to  exhaust  the  rotary  joint  to  equilibrium 
with  the  atmosphere  will  be  900  hours  at  the  specified  rate  of 
leakage . 


1800  hours/vol.  x  voT  «  qoo  hours 

Thus  when  the  rotary  joint  is  being  filled  to  30  psia,  the  tank 
must  supply  one-half  of  its  volume  of  air.  ilie  tank  has  already 
been  shown  to  be  capable  of  cfflupletely  filling  the  rotary  joint 
35  times.  Therefore,  it  is  capable  of  half -filling  the  rotary 
joint  70  times. 

Thus  the  tank  would  become  exhausted  to  equilibrium  with  the 
rotary  joint  at  30  psia  in* 

L  *  900  hours  X  70  »  63,000  hours 

Hence  at  the  specified  leakage  rate  of  0.I4.  psi/day,  the  tank 
is  capable  of  a  service  life  of  63, 000  hours  running  time. 

As  specified  in  paragraph  3»7*2(a)  of  SCL-5296,  the  overhaul 
life  of  the  unit  is  $^000  hours  of  operation  at  23  hours  per  day. 

By  comparing  the  two  figures,  it  beoones  apparent  that  the  tank 
life,  at  the  specified  allowable  leakage  rates  is  12.6  ttoea 
greater  than  the  overhaul  life  of  the  unit. 

At  the  tested  rate  of  I.03  psi  per  day,  the  air  tank  life 
would  be: 

L  •  ..h3.tP90  X  0,4  B  21i.,450  hours 
1.03 

idiieh  is  4*9  times  the  ovei^iaul  life. 
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To  account  for  the  Inevitable  variations  in  reaillenoe  and 
finish  among  the  seals  (1  t  15^  tolerance  in  surface  preasures) 
a  leakage  factor  of  30^  nay  be  added,  assuming  that  the  optimum 
seal; as  tested; leaks  at  a  rate  of  1«03  psi  per  day.  The  leakage 
rate  would  then  be: 

r  -  1.03  +  (0,30)  (1.03)  -  1.314.  psl/day 

A  oonaideration  must  be  made  of  the  varying  oonditions  encoun¬ 
tered  in  operating  and  maneuvering  in  the  field.  The  unit  is 
designed  to  operate  eontinuously  for  23  of  21(.  hours  per  day  for 
5000  operating  hours.  We  realize,  however,  that  there  will  most 
likely  be  periods  of  Intexmittent  shut  down  when  the  equipment 
isn't  operating,  but  the  seal  is  under  pressure  and  will  lose  air 
through  statio  leakage.  Then  too,  it  may  at  time  become  necessary 
to  reposition  the  unit  in  the  field  for  tactloal  reasons.  This 
would  neeessitate  closing  off  the  tank  air  supply  and  breaking 
the  unit  down  for  transportable  packaging.  During  transportation, 
the  unit  would  be  subjected  to  extended  and  irregular  vibration, 
enhancing  the  possibility  of  additional  leakage,  iihus,  a  liberal 
factor  of  safety  for  pressure  loss,  as  we  now  have,  is  advisable 
to  offset  the  possibility  of  unanticipated  loss  of  air}  and  as 
well,  the  adverse  leakage  affects  of  opez>atlon  in  elevated  tropical 
temperatures. 

To  account  for  these  variable  factors,  the  leakage  rate  has 
been  further  increased  by  2$%  giving  a  figure  of: 

r  «  1,314.  +  (.25)  (1.314.)  ■  1»68  psl/day 
The  tank  life  at  this  rate  would  be 


L  at  y.  «  15,000  hours 

1.68 


The  factor  of  safety  for  tank  life  over  equipment  overhaul  life 
is  now} 


S.p. 


lit  OOP  hours  ^  -i  Q 
$1,000  hours 


A  realistic  evaluation  of  the  leakage  problem  has  shown  that 
the  use  of  1,68  psi/day  as  a  criterion  for  rotary  joint  seal  per¬ 
formance  is  of  great  advantage.  This  allows  the  rotary  joint  to 
operate  effectively  within  its  range  of  optimum  conditions,  idiile 
affording  a  liberal  safety  factor  on  leakage  loss  of  3.0. 

Pursuant  to  this  recommendation,  article  16  of  amendment  2 
to  paragraph  3« 3*2.10,  SOL-5296  was  accordingly  revised  by,  and 
upon  approval  of,  the  Signal  Corps. 
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OALOUZATION  OF  HORSEFOWBR  REQUIRED 
TO 

ROTATE  ANTESEA 


AsBuming  toe  BiitennB  to  b«  a  flat  plat#  of  the  dineBBlona 
Bhown  below,  the  horaepower  maj  be  ealottlated  using  the  f omnia t 

HP  -  .I1.57  P  Cu  X  10-6  * 


idiere:  E 

D 

V 

Cd 

P 


■  rotational  speed  (rpet) 

«  length  of  ttitanna  (ft) 

■  wind  Tsloolty  (ft/**o) 
drag  eoafflelant 

■  air  density  (slugs/f1^) 


For  operating  oondltlonst 

V  (nax« }  *60  aph  ■  68  ft/aae 

?  (-65®F)  -  0.00312  slugs/ftP 

Cjj  (noise)  ■  0,53 

T~  H  •  11  ft. 

H  D  «  kO  ft. 

E  ■  6  rp« 


HP  *  (.k57)(6)2  (.00312)(.53)(88)(k^  x  10*6 
HP  «  6.15 

The  asiauth  drive  effloienoj  is  assumed  to  be  8^ 

then  HP  -  -  7.24 

.85 

Using  next  higher  standard  slse,  HP  «  7,5  HP 
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Oanivatlon  of  Wind  Torque  Equation 

(a)  Wind  Velooitj  Distribution t 

A  flat  plate  rotating  about  its  center  has  a  relative 
wind  velocity  distribution  as  shown  below: 


where:  <■>  ■■  rotational  speed  of  plate  (radiana/see } 

V  «  wind  velooity  (ft/see) 

Q  «  angle  of  Inoidenoe  of  wind  from  perpendloular(^) 
R  •>  radius  of  plate  (ft.) 

Left  side:  wind  aids  rotation  (negative  torque) 

■  V  oos  8  -  ci)r 

Right  side:  wind  inhibits  rotation »  effects  are  additive 

^  Va  ■  V  oos  0  +  <ar 

eg 

Area: 
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(b)  Torque  (T): 

T  «  F  r  tdieretr  ■>  elemental  radius 

F  «  drag  force  on  plate 


Drag  force: 

F  -  1/2  p  Ojj  Av2 
vheret  Cjj  *  drag  ooeffioient 

f  *  air  density  (slugs/ft^) 

A  ■  area  of  plate  (ft^) 

V  =  wind  velocity  (ft/see) 

T  -  1/2  p  Cu  Av2  r 

Left  side:  Vj,  ■  V  cos  C  -  (**  A  C  H  dr 

Jl 

-  -1/2  ^  Op  H  dr)  (V  oos  Q  -  <ir)2  (r) 

Right  aide:  Vj,  ■  V  cos  0  ‘f 
^  H 

Tjj  »  1/2  Cjj  (  H  dr)  (V  oos  6  +  «^)^(r) 


Total  torque:  T  ■  Tj^(-)  +  ^Rt+)  ® 

T.l/2f0,(f  H  dr)(r)  [ivoos  0  «r)^  -  (V  oos  0-es»)^ 

T  •  l/2p0jj  (  ^  H  dr)(r)  (4  008  0  <>ip) 

T  *  2  p  Cjj  H  V  008  ®  ®  r2  dr 

T  f  Gjj  H  V  oos  0  (0  r3 
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Asauae  wind  acting  perpendicular  to  plate: 
Angle  of  ineldenoe  0  **  0 
Coa  0  «  ooa  0^  «  1 


Subatltuting: 
R  .£ 


Uo 

aiTN 


60 

2.k  N 


Cjj  vd4  X  10*3 


(o)  Horaepower 

2/fr  KT 
33,000 


HP 


(D  w  total  length) 


(N  B  ppm) 


aubstituting  for  T 


HP  *  .457  n2  p  0j3  X  10-6 
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ADDENDUM  G 
GEAR  CAIiCUUTZONS 


1,  AZIMUTH  DRIVE  GEAR  DESIGN  DATA  SUMMAHI  AND  CALCULATIONS 


Gear 

Pig. 

G1 

D.P. 

P.D. 

in 

No. 

Teeth 

Face 

Width 

In. 

Beam 

Strength 

W^dbs.) 

Dynamic 

Load 

W^dba.) 

Limit 
Load  for 
Wear 
W^dbs. ) 

■'  ~  '  n 

R.P.M. 

M.S. 

Wb 

A 

5 

32.0 

160 

2.^0 

19,220 

8200 

9850 

6,1» 

2.35 

1  B 

5 

k»o 

20 

2.75 

12,750 

8200 

9850 

49 

1.56 

i  ® 

8 

12.5 

100 

2.00 

7,810 

2922 

3120 

49 

2.67 

1  D 

8 

2.50 

20 

2.25 

5,610 

2922 

3120 

245 

1.92 

E 

10 

9.1 

91 

1.50 

4,610 

1760 

1940 

245 

2.52 

P 

10 

2.6 

26 

1.75 

3,630 

1760 

1940 

862.5 

2.06 

G 

16 

5.0 

80 

1.25 

2,365 

1470 

1520 

862.5 

1.61 

H 

16 

2.5 

40 

1.50 

2,130 

,  ,  1 

1470 

1520 

1725 

1.45 

«Tha  output  spead  of  6.1  RPM  Is  a  result  of  tbe  choice  of 

fear  ratloa.  Although  the  nominal  specified  output  la 
,0  RPM,  the  design  speed  of  6.1  RFH  is  within  the  require- 
ments  of  the  design  specification* 


AZIMUTH  DRIVE  GEAR  CALCULATIONS 

The  design  of  the  gear  dri^e  system  is  based  on  the  following 
parameters: 

Drive  motor  to  be  7.5  H.P.  at  1725  RPM,  stall  H.P.  1$ 

(Reft  Drive  motor  oaleulatlons^ 

All  gears  to  be  20°  P.A.  Spur,  for  maximum  load  capacity 
at  minimum  cost. 

All  gears  except  gear  "A”  to  be  made  of  SAE  Ul4U  alloy 
steel,  heat  treated  and  surface  hardened  as  shown  in 
table  above. 

Gear  "A^  to  be  made  of  SAE  8660. 
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I 

! 

I 

I 


Tooth  beam  strength  to  be  based  on  stall  (maximum)  torque  of 
the  drive  motor* 

Djmamle  load  and  limit  wear  load  to  be  based  on  150  percent 
(approximately)  of  rated  E.P. 

Paoe  widths  to  be  approximately  $  times  the  olroular  pitch  of 
the  gear*  (Reft  Maohinery*8  Handbook*)  Gear  "B”  will  be  crown 
shaved  and  shaft  parallelism  will  be  closely  controlled  to  insure 
full  tooth  mating* 

All  gears  to  be  class  3  eonaeereial  in  order  to  obtain  the  re¬ 
quired  precision  at  minimum  cost* 

Overall  gear  reduotion  is  287*5sl 
a*  DXHAHIC  LOAD  CALCULATIOHSt  (MAXIMUM  OFERATIKO  LOADS; 

(1)  Dynamic  load  oaloulations  are  based  on  the  following 
formula*  (Reft  Manual  of  gear  design-B*  Buckingham*) 

(2)  Sear  deslgnationa  as  per  figure  01  and  table  01* 

,  .os  Y  (PC  ♦  W) 

*  ,05  V  ♦  Jpo  *  w 


Where t  V  «  Pitch  line  velocity  in  F*P.M»  « 

TT  X  P«D*  X  R«P«M, 

12 

P  «  Pace  width  of  gear  in  inches 

C  ■  Deformation  faotor  (A  constant  based  on  gear 

aoouraoyf  tooth  form  and  modulus  of  elasticity* ) 
(From  ohart  in  Buoklngham. ) 

W  ■  Total  applied  load  • 


1 

! 


In 


P  22  AV  2  R 


Page  02 


HAZELTINE  ELECTRONICS  DIVISION 

HAZEUTINE  CORPORATION 

REPORT  10075  Addendum  0 

0BAH3  A  end  B 
wEere  , 

W  -  7.9  X  103  Ibe. 

V  ■  50.3  P.P.M, 

P  ■  2,5  In, 

C  ■  1660 

.  .pj  yjso.*  y>  ,, 

.05  V(|Pc  ♦  w 

*=  ^  ^0.312.3  *  1660  *  7.9  X  103)  +  ^  ^o3 

.05  X  50.3  +  i/2,5  X  1660  ♦  7.9  X  lo3 

*  8,2  X  lo3  ibe, 

PEARS  0  and  D 
VoMre 

W  -  21^60  Ibe. 

V  •  161  P.P.M. 

P  »  2,0  in, 

C  »  1660 

.05  V  +  |/4'0  ♦  V 

-  161(2,0  X  1660  »  2lt,6  X  10^;  ^  ,  .2 

"  .05  X  161  +  i/2.0  X  1660  ♦  24,6  x  10^ 

«  2922  lbs. 

PEARS  B  and  F 
Where 

W  -  660  lbs, 

V  ■  503  P.P.M. 

P  -  1.5  In. 

C  B  1660 

.  .SSJU^^  ,  „ 

“  .05  V  +  i/po  +  w 
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W  .  aPS.  %kko,tMol^  +  680 

^  ,0$  X  $B3  *  \^$  X  1660  +  680 

W^j  ■  1760  Iba. 

QEAR3  Q  and  H 
^ere 

W  ■  350  Ibe, 

V  «  1130  P.P.M. 

P  ■  1,0  In, 

C  ■  1660 

,ogy..(Fo,t^,„^y 

.05  V  ♦  ypc  +  w 

.0^  X  1130(1.0  X  1660  *  3gQ) 

,0$  X  1130  +  yi,0  X  1660  +  350 
-  11<.70  Iba. 

b.  BEAM  STRENGTH  CALCTTLATION  (MAXIMUM  ALLOtfABI£  TOOTH  LOAD) 

Beam  atrength  oaloulationa  are  baaed  on  the  Lewla  Equation 
%  «S^P  P  Y 

Vlhera 

«  Safe  atatio  banding  atreaa  of  gear  material 
P  *»  Circular  pitch 
P  B  Pace  width 

Y  ■  Tooth  form  factor  (obtained  bjr  oonalderlng  the 

gear  tooth  aa  a  beam,  fixed  at  one  end  and 
loaded  at  the  other)  (Reft  Manual  of  gear 
dealgn-E  Buokingham, ) 
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GEAR  A  V.  M  S.  P  P  Y 

Where  I  St  -  70»000  Ihe/ln.S  m  7  ^  IC^  x  ,628  x  2.5  x  ,175 

P  ■  ,628  In. 

P  •  2.5  in.  Wv  •  19,23  X  103  ibe, 

Y  -  .175 

QBAR  B  •  S^.  P  P  y 

Where*  St  «  70,000  lb8/ln.2  ■  7  x  loU  x  ,628  x  2.5  x  .116 

P  *  ,628  In, 

P  *2,5  In .  Wt  •  ^2.75  X  lo3  ibe^ 

Y  «  .116 

PEAR  c  w^  ■  St  p  p  y 

Where*  St  «  70,000  lbe/tn.2  «  7  x  loU  x  .393  x  2  x  .Ika 

P  *  .393  In. 

P  "  2.0  In.  Wb  •  78,1  X  102  its. 

y  -  .llt2 

GEAR  D  Wb  «=  St  P  P  Y 

Where*  St  »  70,000  lbs/in.2  W^  •  7  x  10^  x  .393  x  2  x  ,102 
P  *  .393  In. 

F  -  2.0  In.  Wb  ■  56,1  X  102  iba. 

y  -  ,102 

gear  e  Wb  *»  St  p  p  y 

Where*  St  »  70,000  lba/ln.2  Wb  -  7  x  lO^^  x  .314  x  1.5  x  .I40 

P  »  .314  In.  Wb  «  46.2  X  lo2  ibe. 

P  ■  1.5  in. 
y  *  .140 
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PEAR  F  *  St  P  P  T 

Where:  St  «  70^000  Iba/ln.^  ■  7  x  10^  x  .31I4,  x  1,$  x  ,110 

P  -  .311).  In.  - 

P  «  1,5  In.  Wjj  *  36.3  X  icr  iba. 

Y  -  .110 

GEAR  0  Wtj  «  St  P  P  Y 

Where:  St  •  70,000  Iba/in.^  W^  •  7  x  lol<-  x  ,196  x  1.25  x  .138 
P  •  .196  In, 

P  *  1.25  In,  Wb  -  23.65  X  10^  Iba. 

Y  ■  .138 

GEAR  H  W^j  *  St  P  P  Y 

Where:  St  *  70,000  Iba/ln,^  m  7  x  IC^  x  ,196  x  1,25  x  .124 

P  »  .196  In. 

P  *  1.25  in,  Wb  -  21,3  X  10^  Iba. 

Y  -  .124 

C.  MAROIK  OP  SAFETY 

U  > 

Aaauning  pulaating  load  oonditlona:  3  •  1,35 

Wd 


Which  neana  that  for  peroply  dealgned  geara,  the  tooth  bean 
atrength  ahould  be  equal  to  or  greater  than  1.35  tinea  the 
operating  load.  (Ref:  Manual  of  gear  dealgn-E.  Bucklnghan, ) 


The  follotflng  is  a  tabulation  of  the  H.S. 
GEAR 


MS  * 


W. 


of  the  geara: 


A 

B 

C 

D 


19.22 

X  103 

8.2  X 

10^ 

12.75 

X  103 

6,2  X 

103 

78.1  X  102 

29,22 

X  102 

56.1  X 

c  102 

29.22 

X  102 

2.35 

1.56 

2.67 

1.92 
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MS  »  — 

Wd 


E 

1».6,2  X  lo2 
17.6  X  102 

-  2.52 

P 

16.1  X  102 

17.6  x^ 

■  2.06 

0 

21.65  X  lo2 
14.7  X  102 

»  1.61 

H 

21.1  X  102 

14.7  X  102 

•1.45 

d.  LIMIT  LOAD  FOR  WEAR 


(1) 

VRiere: 


Limit  load  for  wear  la  baaed  on  the  formula: 
(Ref:  Manual  of  gear  deslgn-E.  Buckingham*) 


W.. 


DPKQ 


D  a  Pitch  diameter,  pinion,  inohea 
P  ■>  Faee  width,  inches  2 

K  >  Load-atreaa  factor  «  ^w  ain^^ 


v®i  V 


Where:  3, 

E 

Q 

Where:  N 
n 


w 


Surface  endurance  limit 
Preaaure  angle 

Modulus  of  elaaticity  of  pinion  and  gear 
Tooth  ratio 


2H 


(apur  gear)j  (internal  gear) 
N+n  N-n 


■  No,  of  teeth  in  gear 

■  No,  of  teeth  in  pinion 

> 


(2)  For  acceptable  geara 

To  provide  oontinucua  service  without  appreciable  wear. 
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GEARS  A  and  B 

W„  «  DFTCQ 

Where:  B  «  )i,0  in* 

*  4.0  X  2.5  X  k30  X  2.29 

F  ■  2.5  In. 

K  B  430 

B  9.85  X  lo3  >  Va  n  8.2  x  lo3 

Q  ■  2.29 

GEARS  C  and  D 

W^  ■  DPKQ 

Where:  D  «  2.5  In. 

W„  *  2.5  X  2.0  X  375  X  1.67 

P  *  2.0  in. 

K  •  375 

W„  *  31.2  X  102  >  ■  29.2  x  lO^ 

Q  -  1.67 

GEARS  E  and  F 

■  DPKQ 

Where:  D  »  2.6  in. 

Wy  •  2.6  X  1,5  X  318  X  1.56 

P  -  1.5  In. 

K  ■  318 

W„  «  19.4  X  10^>Va  -  17.6  X  102 

Q  ■  1.56 

GEARS  G  and  H 

-  DPKQ 

Where:  D  ■  2.5  In. 

■  2.5  X  1.25  X  366  X  1.33 

P  ■  l.?5  In. 

K  «  366 

W„  *  15.2  X  102>W^  *  14,7  X  102 

Q  •  1.33 

In 
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TABLE  Gl.  GEAR  MATERIAL  HARKDESS  DATA 


GEAR 

HEAT  TREAT 

SURFACE 

HARDEESS 

A 

See  report  on  main  bearing 

B 

Rq  32-34 

Ro  57-59 

C 

Rc  32-34 

Rg  42-44- 

D 

Ro  32-34 

Ro  46-48 

E 

Rq  32-34 

R^  36-40 

P 

Ro  32-34 

Rc 

0 

Rc  32-34 

Rc  4-42 

H 

Ro  32-34 

Rc  4-44 

a.  OEAR  LIFE  EXPE'CTANCY 

Tha  oaloulation  of  the  life  expeetanejr  of  the  gears  is  based 
on  the  statement  in  "The  Manual  of  Gear  Design,"  by  E.  Buckingham, 
that  the  life  of  a  eear  is  equal  to  tha  Inverse  proportion  of  the 
load  raised  to  the  power.  Using  load-stress  factor  "K"  of  I|,30 

for  gears  "A"  and  "B"  (the  lowest  life  expectancy  gears),  and 
basing  the  life  on  100  x  106  cycles,  a  maximum  compressive  stresa, 
Sq,  of  163,000  Is  obtained  fron  the  chart  in  the  referenced  text. 
The  actual  compressive  stress  is  found  from: 


Where t  W  «  Tooth  load 

R^  ■>  Pitch  radius  of  gear  x  Sin  Pressure  Angle 

R^  ■>  Pitch  radius  o  f  pinion  x  Sin  Pressure  Angle 
L  as  Face  width 

and  E2  "  Modulus  of  elasticity  of  gear  and  pinion 
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tniereforet  *  184»600  lbs»/ln«^ 
The  life  factor  then  becomes t 

p  ,  3  m 

^  184,600 


.66 


To  find  the  life  expectancy  at  the  actual  loads 
L  =  .66  X  100,000,000  cycles 
"  66  X  10^  cycles 

^  66  X  10^ 

RHl  X  60 


L  ■  10,000  hours 

Since  gears  "A"  and  "B”  have  the  smallest  life  expectancy, 
calculation  for  only  those  gears  vhere  shovm. 

2.  SYNCHRO  DRIVE  BACKLASH  CALCULATIONS 

(Refer  to  Figure  Q2) _ 


DATA 

GEAR  1 

J 

L 

M 

N 

K 

R  ' 

No,  Teeth 

396 

66 

120 

32 

32 

192 

Dia.  Fitch 

20 

20 

32 

32 

32 

32 

Pressure  Ang. 

20° 

20° 

14-1/2° 

14-1/2° 

14-1/2° 

14-1/2° 

Pitch  Dia. 

19,800 

3,300 

4,000 

1,000 

1,000 

6,000 

To  find  the  backlash  at  the  individual  meshes  we  have: 


Backlash  «  ■  -  .  Van  Keuren 

(Inches)  1/2  COT  0  pg,  116 

or 

Backlash  «  2  (AC)  TAN  ^ 

(inches) 


P  22  AV  a  R 


Page  GIO 


HAZELTINE  ELECTRONICS  DIVISION 

HAZELTINE  CORPORATION 

REPORT  10075  Addendum  0 


To  find  lost  motion  of  the  driving  gear  with  the  synehroa 
stationary  we  have: 

L.  D.  Martin 

Cn  Ri,  Machine  Design 

^  ^  May,  1953 

(Radians) 

Kmenolature 


B  « 

Backlash 

R  <»  Testing  Radius 

0  a 

Center 

jd  «  Pressure  Angle 

D  a 

Testing  Diameter 

0  a  Arc  of  Dost 

Motion 

Lost  Motion  of  driving  gear  from  1:1  synchro: 

®JL 

«  2(  Ac)  TAN  jlf 

Tol.  on  dlat.« 

“  .014 

2(.0207)(.364)  ® 

.0151” 

Comp  error  (preo.cl  1) 

a  ,001 

Shaft  tol. 

a  ,000$ 

Bearing  tol. 

Distortion  due  to 

a  ,0002 

load  on  larne  brg 

a  .005 

Ac 

a  ,0207 

®Ka 

»  2{.0035)(.258)  « 

,0013" 

Tol  on  di8t.4» 

a  .0018 

Comp,  error  (prec.ol.l) 

a  ,001 

Shaft  tol. 

a  ,000$ 

Bearing  tol. 

a  ,0002 

Ac 

a  .0035 

OJH 

a/?5S)  -i.  BJL 

\Rj^  /  Djj  Rj 

1  9.9 


.0119  +  .0015  ■  .0134  Radians 

.0134  X  3438  »  46.07  Minutes 

®JR  t  23  minutes 

{^Tolerance  on  distance  due  to  maohlning  tolerances  on  bull 
gear  bearing,  upper  and  lower  bearing  support  castings  and 
location  of  synchro  gear  box. 
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B.tl  •* 

.0151 

®MN  * 

.0018 

(1 

OJN  • 

^Bmn) 

El  4 

Bjl 

ST 

OJN  ■ 

.0018 

lOiSk 

2 

4 

9.9 

(.0009) 

.825 

+  .0015 

,0007  +  ,001$  *  ,0022  radians 
.0022  X  3U38  ■7.^6  minutes 
Ojjf  >  t  4  minutes 

3.  SUMMARY  OP  GEAR  SHAFT  BEARING  DESIGN  DATA  AND  AZIMUTH  BBARINO 
LOAD  CALCULATIONS 

a.  Summary  of  Gear  Shaft  Bearing  Design  Data 


BRG. 
IDENT. 
PIG. 03 

BEARING 

NUMBER 

ACTUAL 

LOAD 

ACTUAL  LOAD 
CORRECTED 

FOR  LIFE  &  SPEED 

RATED 

LOAD 

I 

499503 

350  at 

1725  RPM 

370  lb. 

440  lb. 

II 

499503 

111  at 

1725  rpm 

120  lb. 

440  lb. 

III 

43305 

16.1  at 
825  RPM 

17.5  lb. 

1 

1111  lb. 

IV 

499605 

412  at 
862.5  RPM 

445  lb. 

1110  lb. 

V 

499500 

1435  St 

245  RPM 

1556  lb. 

2150  lb. 

VI 

*R-345-LL 

4030  at 

245  RPM 

6660  lb. 

9450  lb. 

VII 

•R-365-LL 

l^OOOat 

40  RPM 

12,750  lb. 

22,800  lb 

VIII 

*R-365-RR 

20,030  at 

48  RPM 

19,650  lb. 

26,600  lb 

In  NOTES I  1,  All  bearings  "New  Departure"  exeept  those  marked 

2,  *DenoteB  "Norma-Hoffman"  bearings,  ^ 
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NOTES  (Cont'd) 

3*  a*  New  Departure  bearings  oorreeted  for  life  and 
speed  by  formula  R.  «■  R,  x  L,  idiere 
Rg  ■  oorreeted  load 
Rg  >■  aetual  load 

L  n  oorreotlon  factor  (N,D*  Handbook  Pg,  10) 

b,  Norma-Hoffman  bearings  oorreeted  for  life  and 
speed  by  formula  R.  ■  R^  x  L  x  S  idiera 
Pq  ■  oorreoted  load 
R|)  ■  aetual  load 

L  ai  life  factor  (Ref.  Nonaa-Hoffman  Catalog 
S  ’>  speed  factor  Pg.  126) 

b.  AZIMUTH  BEARINO  LOADS 

Bearing  load  oaloulatlons  are  based  on  transmission  of  1$  H.P. 
Sinoe  only  a  negligible  thrust  load  (the  weight  of  the  gears  and 
shafts)  exists  I  the  load  on  the  bearings  is  a  function  of  the 
resultant  of  tne  separation  and  tangential  forces  developed  by 
the  gears,  and  the  distance  of  that  resultant  from  the  supporting 
bearings  of  a  given  shaft.  See  figure  Gli  and  US* 


Terminology 

Q  •*  Torque  transmitted  ■ 


RIM 


P  * 


S  « 


L  ■* 
(1) 
(2) 

(3) 


Tangential  force 
Separation  foroe 


_ SL _ 

Pitch  Radius 

P  X  TAN  C  (  tdiere  K  »  tooth 

pressure  angle) 


Resultant  foroe  ■ 

Bearing  and  gear  Identlfloatlon  Is  shoan  In  figure  03, 

Roman  numeral  aubaorlpts  to  P  and  S  Indicate  bearing 
reactions. 

Arabic  numeral  subscripts  to  Q.  P  and  S  indicate  gear 
mesh  number. 


In 
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BBARINO  I 

a  X  6302$  m  54.8 

1725 

Pi  a  2t§_  a  1|.38 

1.2$ 

3^  -  438  X  .361).  *  159 


BBARIHO  n 

p  m  43^  m  10$ 

6.50 

Sf-f  a  1$9  X  1«$6  .  38 
6.50 


pj  a  11.38  X  U.9i).  a  333 

6.50 

St  b  ^$9  3C  a  121 

6.$0 _ 

Lj  \/(  333)2  +  (121)2 
I*!  •  35^  Lba. 


I'll  "  ^^105)2  +  (38)2 

I'll  "  111  Lb. 


NOTEt  Sub-8ub8oript8  denote  gear  meah,  e.g.^Pjjj  la 

the  tangential  foroe  reaetlon  of  the  first  mesh 
on  Bearing  III. 


BEARIHO  III  N.B.  in  ealoulating  Ljjj  •  Sjjj^  and  Pm^ 

are  ahonn  negative  alnee  they  are  acting  in  a 
direction  opposed  to  Sjjj  and  Pj^;); 

2  2 


1 

1 

a 

ig.,S-.6,32gS,  . 
863 

1090 

I^III^ 

_  438  X  3,87 
$.2$ 

a  323 

1 

?2  - 

a  836 

1.3 

®IIIj^ 

«  .159  *-3..f8l 
$.2$ 

■  117 

1 

S2  ■■ 

838  X  .364  ■ 

303 

'■iiij 

_  838  X  2.12 
$.2$ 

a  338 

■ 

^III 

■  V(323  -  338)2  ♦ 

(12$  -  117)^ 

! 

T 

^Illg 

.  303  X  2.12 
$.2$ 

»  125 

1 

^III 

■  16.1  Lb. 

! 


) 

i 

\ 
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BEARIHQ  IV 

SlV^  ■ 

■ 


IU8.2-1a28  -  11$ 
5.25 

iSiJLitlO  .  i^2 

5.25 


618  X  3.13 

5.25 

3.0.2, .Of., 
5.25 


y(5oo  -  115)2  +  (181  -  42)2 


■  500 
«  i8i 


Ljv  ■  1l12  Lbe. 

BEARDro  V 

NOIEt  In  the  oaleulatlon  of  loads  on  Bearings  V  and  VI 
the  angular  dlsplaoenent  of  the  shafts  #2  and  #3 
was  eoneidered  by  using  the  eomponents  of  the 
forces* 

.  .  lgjL63025 . 3860 

^  245 

p-  «  3§2£  »  3095 

^  1.25 

S3  •  3095  X  .364  ■  1126 

«  838  X  12  ^3095  X  *356  x  2*25  ^1126  x  *934  x  2*25 
^  10*5  10.5  10*5 

?y  -  1421 

3  .  303  X  12  ^  11,26  X,:2i8.x.2j25  3095  x  *934  x  2*25 

10.5  10.5  10.5 

Sy  -  -185 

Ly  -  ^(1421)2  +  (-185)^ 

W  ■  lli.35  Lbs* 


l*n 
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BEARIHO  VI 


P^j  .  §3.1?  ♦  1095,  X 

10.5 


Pvi  •  2740 

« _ 103 


VI  -  + 

10.5 


10.5 


10,5 


10.5 


+  lQ-95_x  .9- 

10.5 


Svi  ■  -2957 _ 

L  -  1/(2711.0)2  +  (-2957)2 
L  ■  I1.030  Lba. 


BEARING  VII 


Qj^  »  ^5  ^^|3Q2g  ,  19,720 


3095  3C  6.5 


5020 


P,  .  .  9860 

^  2 


Svilj  -  ^126  ^  6.5  .  103^ 


®4  *  9860  X  .364  *3590  ^VII  •  z  2.94  ■  7250 

4  4 

Svil,  ■  3590  X  2.94  a  2640 

4  4 

Wll  ■  \/(S020  *  7250)2  +  (1830  +  2640)2 
I<VII  “  13.000  Lba. 


BBARIHO  VII 
^VIII," 


LO95  X 


=VHI  - 
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BEARBTO  VIII  (Oont'd) 

>^111,.  -  2262^ 


17,100 


4  _ 

Lviii  •  \J  (1932  +  17100)2  +  ( 70.5  +  6230)2 
I<VIII  **  20.030 
4.  AZIMUTH  GEAR  SHAFTS 

•  •  Oeneyl 

All  shaft  ealoulatlona  are  based  on  the  shafts  being  made 
from  3.A.E.  4140  alloy  steely  heat  treated  to  1^0,000  p.s.i* 

Allowable  torsional  shear  stress  is  taken  to  be  18  percent 
of  the  U.T.S.  (see  above )•  (Ref*  Marks  Handbook*) 

Shaft  designations  are  shown  in  figure  Gl* 

Minimum  shaft  diameter  ealeulatlons  are  found  by  using  the 


formula : 


where: 


D*  l/-2^  l/(K  M)2  +  (K^  T)2  (Ref,  Marks  Handbook) 

l/rrsa  \l  ”2  t 

Sq  ■  shear  stress  U.T.S.  ■  *16  x  15,000  ■  27,000  p*a*i* 
K|g  <■  shook  end  fatique  factor  •  3 

(Assuming  worst  load- 

<■  shock  and  fatigue  factor  »  3  ing  ecrditions) 

H  B  maximum  bending  moment  (see  derivation  below) 

Ihe  value  of  M  for  shafts  #1  and  #2  is  obtained  from 
the  beam  formula  for  a  beam  supported  at  the  ends  with 
a  concentrated  load  at  any  point* 

M  B  £sk 

h 
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b.  Shaft  Ro.  1 

P  B  159  lbs.  (Si  of  bearing  load  oaloulations) 
a  •  1,56 
b  ■  k*9k. 

L  ■  6,0 

M  -  159  X  1,56  x  k.9h 

6,0 


M  a  SOU  in,  lb, 

T  a  548  (Q  of  gearing  load  oaloulatlonsj 


Di  ■  ^(^8.9  X  10“^  yt3  X  204)2  +  (3  X  548)2 

Di  a  .715  In, 

0,  Shaft  No,  2 

N.B.I  The  total  bending  moment  on  shaft  No,  2  la  the 
algebraic  sum  of  the  momenta  of  and  S2  which  a  re  acting  In 
opposite  directions, 

Pj^  a  159  lbs,  (S^  of  bearing  loads) 

M,  .  1??  » 

a  a  1,38  In, 

b  a  3,87  in,  VL  a  161  In,  lb. 

L  •  5.25  ^ 

P12  a  3^3  16s.  (S2  of  bearing  load  oalculatlona) 

d  a  2.12  In. 

b  a  3.13  in. 

L  ■  5.25  111.  ..  503  ,  2.12  X  3.13 

*2  ■  5^2? 

Hj  .iSLia^ 

Mjqt  a  Mg  - 

a  381  -  161 
MtoT  “  220  In,  lb. 


In 
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T  ■  1090  (Q2  bearing  load  calculations) 

2  _ _ _ _ _ — 

Dg  -  yi8.9  X  10“^  1^(3  X  220)2  +  (3  X  1090)2 

Dg  «  .856  in. 

d.  Shaft  Ko.  3 

N.B.:  The  total  bending  moonant  on  Shaft  No.  3  !•  the 
algebraic  sum  of  the  momenta  of  S2  and  S3  vhieh  are  acting  in 
opposite  direotiona.  Ihe  bending  moments  are  equal  to  the  force 
S  tlmea  ita  distance  from  ita  aipporting  bearing* 

«  303  lbs.  (82  of  bearing  loads) 

*  1,5  In, 

Ml  «  PjLi  «  303  X  1,5 
Ml  -  U55  in.  lb, 

?2  "  1126  lbs.  (S3  of  bearing  loads) 

L2  ■  2.25  in. 

Mg  -  PgLg  ■  1126  X  2.25 

Mg  -  2525  in*  lbs. 

Mtot  -  Mg  -  Ml  -  2525  - 
T  *  366O  (Q3  of  bearing  loads) 

D3  •  ^18. 9  X  10-5|y^(3  X  2070)2  +  (3  x  3860)2 
®3  “  1*33  in. 

e.  Shaft  No,  L. 

N.B.t  Since  the  physical  arrangement  of  shaft  No.  4  io 
the  same  as  shaft  No.  3>  oaloulatlon  of  the  total  bending  moment 
on  shaft  No.  4  follows  that  of  Shaft  No.  3* 

Pi  ■  850  lbs.  (S3  of  bearing  loads) 

Li  •  2.88  in. 
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■  32k0  la.  lb, 

P2  *  3^90  lbs.  of  basalag  loads) 

Lg  •  2.9U  In. 

Mg  -  PgLa  a  3590  X  2. 91; 

Mg  a  10t$$0  in.  lbs. 

Mtot  «  Mg  -  »  10,550  “  321^0 

Mgjojp  “  7310  la.  lbs. 

T  a  19*720  (Q^  of  bearing  loads) 

X  l0-^|/(3  X  73.1  X  lo2)2  +  (3  X  19.72  x  lo2)2 
■  2.28  In. 

ft  Conelualon 

The  foregoing  shaft  diameters  are  minimum  requirements* 
Actual  shaft  diameters  will  be  affeotad  by  the  bore  size  of  the 
supporting  bearings  required,  but  will  always  be  equal  to  or 
greater  than  the  calculated  minima. 


The  following  safety  factors  indicate  the  ratio  of  the 
allowable  working  stress  to  the  assumed  working  stress  of  Ihe 
actual  shafts. 

«  ^  actual 

calculated 

Shaft  Ho.  1  S.P.  »  «  2.25 

(.715)3 

Shaft  Ho,  2  S.P.  *  »  3.11 

(.856)3 


Shaft  Ho.  3  S.P.  -  «  2.35 

(1.33)3 

Shaft  Ho.  4  S.P.  «  m  i.ii6 

(2.28)3 


In 
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Figure  03,  Typical  Azimuth  Bearing  Load  Analysis 
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L 


1  n 


LOAD  ON  BRO.  NO.  I  s 

0  +b 

LOAD  ON  8RC.  NO.  E  = 


Figure  Basle  Bearing  Load  Analysis 


Figure  0^.  Typical  Pores  Anelysls  of  Angularly  Displaced  Shafts 
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WIND  FORCE  ON  REFLECTOR  ASSEMBLY 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I  avs 
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The  drag  force  produced  when  relative  motion  exists  between 
a  fluid  and  a  solid  body  is  described  by  the  formila: 

Pd  *  ^  f  Cd  A  V2 

where ; 

P<i  *»  drag  force  (lbs) 

A  «  projected  area  of  solid  body  (ft^) 

V  »  velocity  of  relative  motion  (ft/sec) 

Cd  ^  drag  coefficient  (dimensionless  quantity  dependent  upon 
configuration  and  surface  conditions  of  solid  body) 

^  =  density  of  fluid  (8lugs/ft3,  dependent  upon  temperature 
and  pressure  conditions  of  the  fluid) 

For  Air  at  Sea  Level 

Tfar(g) 

where : 

Ta  =  absolute  temperature  (degrees  ranklne) 

Po  =  standard  air  pressure  at  sea  level  »  29.92”  Hg 
g  =  32.2  ft/sec^ 
at  -  6S°F 
Ta  =  395°R 

f  slugs/ft^ 

Survival  Conditions 
Case  I: 

V  =  9<?  mph  a  132  ft/sec 
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*  Cd  (5/8”  squarex  mesh,  without  ice)  =  0,53 
A  »  36i|.  ft2 
^  s=  .00312  slugs/ft3 

Pd  =  i  (.00312) (0,53) (364) (132)2  “  53k.O  lbs. 


»  Derived  from  wind  tunnel  tests,  applies  to  this  size  squarex 
mesh  only, 

Cass  II, 

V  «  I4.O  mph  *  58,6  ft/aec 

Gd  a  (antenna  iced,  approximates  flat  plate)  <■  1,0 
A  a  36i|.  ft2 
0  a  .00312  sluga/ft^ 

Pd  a  it  (.00312)(1,0)  (364)(58,6)2  «  1950  lbs, 

Obviously,  the  moat  severe  wind  loading  conditions  occur 
when  the  wind  velocity  is  90  mph,  the  reflector  being  free  of  loe. 
The  force  produced  is  53liO  lbs.,  equivalent  to  a  uniform  static 
load  of  li;.?  Ibs/aq.  ft. 
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ADDENDUM  I 

STATIC  LOAD  AND  DEFLECTOR  TESTS 


Teat  Procedure 

The  reflector,  reflector  support  and  feed  support  were  suspended 
from  a  heavy  steel  frame,  with  the  reflector’s  vertex  pointed  towards 
the  zenith.  Male  and  female  self -reading  aluminum  gauges  were  at¬ 
tached  to  the  reflector  and  reflector  support,  to  record  deflections 
at  any  loading  condition  (see  figure  II).  A  representative  sample  of 
concrete  blocks  was  weighed  on  a  calibrated  scale  and  found  to  be  61 
pounds  per  block. 

A  summation  of  the  momenta  In  comparing  the  load  on  the  reflector 
support  and  pedestal  bolting  arrangement  for,  first,  the  reflector 
In  Its  vertical  location  and,  secondly,  the  reflector  In  Its  test 
location  shows  that  QOO  lbs  of  the  antenna  panel  sections  must  be 
included  as  part  of  the  effective  loading  to  obtain  valid  results. 

In  addition,  I60  lbs.  of  l/lj.-lnch  masonite  was  used  to  protect  the 
screen  surface  of  the  reflector. 

Concrete  blocks  simulated  the  load  end  were  oriented  so  both 
halves  of  the  reflector  were  symmetrical,  and  distributed  to  obtain 
uniform  loading. 

Test  Results 

Test  results  showed  that  the  antenna  easily  surpasses  Its  re¬ 
quirements.  In  Interpreting  the  results  of  the  deflection  readings 
(tables  II  and  12),  It  must  be  remembered  that  the  basic  calibration 
was  established  with  800  lbs.  of  panels  and  IbO  lbs.  of  masonite  on 
the  structure.  This  represents  a  distributed  load  of  96O  lbs/365 
ft, 2  for  2.63  psf.  This  Is,  therefore,  the  zero  datura  for  all 
deflection  readings. 

The  Operation  Average  Net  Deflection  (table  I3)  uses  the  ver¬ 
tex  location  after  deflection,  as  a  datum  to  show  the  surface 
tolerance.  Vifhere  there  are  symmetrical  readings,  these  have  been 
averaged?  e.g,,  1-lA,  2-2A,  3-3A,  5"7* 

The  SurTilval  Average  Net  Deflection  (table  II4.)  uses  the  "W 
Brace”  (l.e.,  5  &  7)  plok-up  points  as  a  datum  to  show  the  actual 
movement  of  the  reflector  Itself  with  respect  to  the  support  struc¬ 
ture,  It  should  be  noted  that  there  is  basically  no  deflection  at 
the  vertex.  This  was  anticipated,  for  there  Is  a  negative  bending 
moment  and  deflection  in  the  central  section.  This  is  counter¬ 
balanced  by  the  force  of  the  local  distributed  loadings j  therefore. 
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little  or  no  deflection  occurs.  These  values  have  again  been  averaged 
as  discussed  in  the  previous  paragraph. 

Finally*  It  should  be  noted  that  there  Is  an  angular  deflection 
of  the  beam.  In  addition  to  the  surface  tolerance  deflection.  This 
angular  movement  can  be  approximated  by  taking  the  difference  of  the 
4  and  4A  rods  »  O.OOI3/I32  inches  =  Tan  0  -  0.00227J  therefore  0  = 

0°  -08’  for  the  operational  loading. 


TABLE  II.  FIELD  DATA  DEFLECTION  READINGS 


LOCATION 

INITIAL 

READING 

OPERATIONAL 

READING 

SURVIVAL 

READING 

CLIMAX 

READING 

OPERATIONAL 

READING 

FINAL 

READING 

lA 

0.1" 

0.6" 

1.0" 

1.25" 

0.7" 

0.25" 

2A 

0.0" 

0.35” 

0.4" 

0.45" 

0.5" 

0.05" 

7 

0.1" 

o.k" 

0.75" 

0,9" 

0.45" 

0.1" 

3A 

0.1" 

0.6" 

0.05" 

1.45" 

0,7" 

0.2" 

4 

0,1" 

0.1" 

0,4" 

0.45" 

0.15" 

0.0" 

6 

0.1" 

0,3" 

0.1" 

0,2" 

0,3" 

0.15" 

4A 

0.1" 

0.4” 

1.2" 

1.4" 

0.5" 

0.0" 

2 

0,0" 

0.2" 

0.45" 

0.4" 

0.25" 

0.05" 

5 

0,1" 

0.45" 

0.75" 

0.9" 

0.5" 

0.15" 

3 

0.1" 

0.55" 

1.05" 

1,2" 

0.7" 

0.25” 

1 

0,2" 

0.55" 

0.85" 

1.0" 

0.65" 

0.2" 

TABLE  12.  TEST  DATA  DEFLECTION  READINGS 


NUMBER 

TOTAL 
LOAD  LBS. 

TOTAL 

P.S.P. 

DEFLECTION 
LOAD  LBS. 

deflection 

P.S.P. 

1) 

Inltal 

Reading 

960 

2.63 

0 

0 

2) 

Operational 

Readings 

3220 

8.82 

2260 

6.19 

3) 

Survival 

Readings 

5380 

14.7 

lj420 

12.1 

4) 

Climax 

Readings 

5810 

15.9 

4850 

13.3 

5) 

Additional 

Loadings 

6260 

17.15 

no 

readings 

» 

6) 

Operational 
Reading  #2 

3220 

8.82 

2260 

6.19 

7) 

Pinal 

Readings 

960 

2,63 

0 

0 

In 
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I  TABLE  13.  OPERATION  AVERAGE  NET  DEFLECTION 

GROSS  VERTEX 

.  OPERATIONAL  INITIAL  DEPLEC-  (BASE)  NET  AVE  NET 


LOCATION 

READING 

READING 

TICN 

DEFLECTION 

DEFLECTION 

DEFLECTION 

lA 

0.6 

0,1 

0.5 

0.2 

0.3 

0.22 

2A 

0.35 

0,0 

0.35 

0.2 

0.15 

0.07 

7 

0,11 

0.1 

0.30 

0.2 

0.2 

0.17 

3A 

0.6 

0.1 

0.5 

0.2 

0.3 

0.27 

4 

0.1 

0.1 

0.0 

0.2 

-0.2 

-0.2 

6 

0.3 

0.1 

0.2 

0.2 

0.0 

0.0 

4A 

0.4 

0.1 

0.3 

0.2 

0.1 

0.1 

2 

0.2 

0.0 

0.2 

0.2 

0.0 

0.07 

$ 

0.45 

0.1 

0.35 

0.2 

0.15 

0.17 

3 

0.55 

0.1 

0.45 

0.2 

0.25 

0,27 

1 

0.55 

0.2 

0.35 

0.2 

0.15 

0.22 

The  surfece  tolerance  Is  a  function  of  the  total  deflection  of 
any  point  less  the  vertex  deflection  of  0«2  inches.  The  left  side 
of  the  reflector  deflected  more  than  the  right  side}  therefore,  the 
average  of  corresponding  points  has  been  taken  as  a  true  reading. 


TABLE  Ii|..  SURVIVAL  AVERAGE  NET  DEFLECTION 


LOCATION 

SURVIVAI. 

READING 

GROSS 

INITIAL  DEFLEC- 
READING  TION 

"W"  BRACE 
(BASE) 
DEFLECTION 

NET 

DEFLECTION 

AVE  NET 
DEFLECTION 

lA 

1.25 

0.1 

1.15 

0.8" 

0.35 

0.17 

2A 

0.45 

0.0 

o.k5 

0.8" 

0.35 

-0,35 

7 

0.9 

0.1 

0.80 

0.8" 

0 

0 

3A 

1.45 

0.1 

1.35 

0.8" 

0.55 

0,42 

4 

0.45 

0.1 

0.35 

0.8" 

-0.45 

-0.45 

6 

0,2 

0.1 

0.1 

0.8" 

-0.70 

-0.70 

4A 

0.1 

1.3 

0.8" 

0.50 

0.50 

2 

0.45 

0,0 

o.k5 

0.8" 

-0,35 

-0.35 

5 

0.9 

0.1 

0.8 

0,8" 

0 

0 

3 

1.2 

0,1 

1.1 

0.8" 

0.30 

0.42 

1 

1.0 

0.2 

0.8 

0.8" 

0 

0.17 

The  surface  tolerance  is  a  function  of  the  total  deflection  of 
any  point,  loss  the  base  deflection  at  the  outboard  "W  Brace"  pick 
up  points.  The  left  side  of  the  reflector  deflected  more  than  the 
right  side  I  therefore,  the  average  of  corresponding  points  has  been 
taken  as  a  true  reading. 
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Figure  IX,  Location  of  Deflection  Oaugee 
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ADDBNDT3M  J 

MOISTURE  RESISTANCE  TEST 


Teat  Procedure 

(a)  Dry  at  130°  ±  ij®P  for  21;  hours. 

(b)  Conditioned  at  77®  ±  and  4^^  to  ^0%  relative  humidity  for 
24  hours . 

(0)  Pedestal  performance  measurements  were  taken  as  described  In 
paragraphs  3. 3. 2. 2  and  3.3.2,^  of  the  Technical  Requirements.  The 
following  cycle  was  performed  five  times.  Temperature  tolerance  was 
maintained  at  ±^^F.  Relative  humidity  was  maintained  between  90  and 
98^. 

(d)  The  temperature  started  at  86®P  and  was  increased  to  149®F  in 
four  hours  at  a  rate  of  not  less  than  15°P  per  hour, 

(e)  The  temperature  was  maintained  at  149®P  for  eight  hours, 

(f)  The  temperature  was  returned  to  86°P  In  four  hours  at  a  rate  of 
not  less  than  15®P  per  hour. 

(g)  The  temperature  was  maintained  at  86®P  for  21  hours.  Pedestal 
performance  measurements  were  taken  during  this  step  between  the 
eighth  end  12th  hours. 

(h)  Ihe  temperature  was  lowered  to  68®P  In  one  hour, 

(1)  The  temperature  remained  68°P  for  four  hours, 

(,1)  The  temperature  was  raised  to  86®P  in  one  hour. 

(Note!  The  change  in  temperature  from  step  (1)  to  step  (j)  was  not 
loss  than  180®P, ) 

(k)  The  temperature  was  maintained  at  86 ®P  for  five  hours  after 
which  pedestal  performance  measurements  were  made,  (Note!  End 
of  cycle.) 

(l)  The  pedestal  was  conditioned  for  24  hours  at  77®  ±  5®P  and 

4o  -  605^  relative  humidity  after  which  pedestal  performance  measure¬ 
ments  were  made. 

Te:^t  Results 


The  data  sheet  on  the  following  page  provides  the  test  results 
using  the  procedure  above. 
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Cbserved  Data  I 

CON01TI(»I1NO 

FIRST 

CYCLE 

SSSCOND  Cl 

STEP  (0) 

STEP  (r) 

STEP  fk) 

STEP  (c)  £ 

Operating  Voltage— —Vi 

120 

126 

126 

126 

120 

126 

126 

126 

120 

126 

126 

126 

Starting  Cuirent-an^s— Ii 

87 

88 

62 

~si 

87 

82 

82 

83 

I3 

87 

82 

86 

86 

Time  to  Attain  Speed 

Inst, 

Inst, 

]Dist, 

1 

Inst. 

Operating  Current-amps-Ii 

6,0 

8,2 

8.0 

8.1 

I2 

7.0 

8,7 

8.I1 

8.U 

6,5 

8,7 

8.1( 

8.2 

Power-watts— — — — -w, 

'*3 

2$0 

220 

200 

200 

230 

210 

220 

200 

120 

170 

IhO 

litO 

Pedestal  ^ed«RPM 

6,2 

6,2 

6.2 

6.2 

Ihermocoiple  Headings 
(deg,  F)  OF 

Position  Chamber 

80 

90 

66 

87 

Outer  Casting 

75 

88 

86 

87 

Thermostat  Veil 

75 

88 

86 

87 

Inner  Casting  Lerrel  #1 

75 

88 

66 

87 

Inner  Casting  Level  #2 

75 

88 

86 

87 

Rotary  Joint-Floating  MT. 

75 

68 

66 

87 

Oil  Filter-Top 

75 

88 

86 

87 

Heater 

75 

88 

86 

87 

Oil-On  Dipstick 

75 

86 

86 

87 

Qear  Mesh  Oil  Tube 

75 

88 

86 

87 
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DATA  SHEET>  MOZSTUHE  RESISTANT  TEST 


1  CYCLE 

SECOND  CYCIE 

THIRD  CYCLE 

FOURTH  CYCLE 

FIFTH  CYCLE 

FINAL 

CONDITIONINa 

STEP  (k) 

STEP  (a) 

STEP  (k) 

STEP  (it) 

STEP  (k) 

STEP  (e) 

STEP  (k) 

arsp  (e) 

STEP  ^k) 

STEP  fl) 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

126 

82 

92 

81; 

83 

92 

90 

92 

92 

90 

82 

83 

92 

BU 

83 

92 

90 

92 

92 

92 

86 

86 

92 

81* 

83 

92 

90 

92 

92 

92 

Inst* 

List* 

Last. 

List* 

List. 

List* 

List. 

lust. 

Inst. 

Inst. 

8.0 

8.1 

8.1 

8.2 

8.3 

8.0 

8.2 

8.2 

8.2 

7.7 

8.1; 

8.U 

8.1; 

9.2 

9.2 

8.2 

8.1; 

9.2 

9.2 

9.2 

8.1; 

8.2 

8.2 

8.2 

8.3 

8.2 

dm 

8.1; 

8.5 

8.6 

200 

200 

200 

2liO 

2l;0 

220 

220 

200 

200 

2l;0 

220 

200 

220 

160 

160 

200 

202 

220 

202 

190 

li;0 

UO 

mo 

iho 

mo 

160 

120 

120 

mo 

mo 

6.2 

6.2 

6.2 

6.2 

6.2 

6.25 

6.2 

6.2 

6.2 

6.2 

86 

87 

86 

88 

87 

100 

87 

90 

88 

78 

86 

87 

86 

88 

85 

90 

85 

90 

86 

78 

86 

87 

86 

68 

85 

90 

85 

90 

86 

78 

86 

87 

86 

88 

85 

90 

85 

90 

86 

78 

86 

87 

86 

68 

85 

90 

85 

90 

86 

78 

66 

87 

86 

88 

85 

90 

85 

90 

86 

78 

66 

87 

86 

88 

85 

90 

85 

90 

86 

78 

86 

87 

86 

88 

85 

90 

85 

90 

86 

78 

86 

87 

86 

88 

85 

90 

85 

90 

86 

78 

86 

87 

86 

88 

85 

90 

85 

90 

86 

78 
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ADDENDUM  K 
TEMPERATURE  TESTS 


Test  Procedure 

(a)  The  ambient  temperature  was  set  to  77“  ±  3“E  and  the  relative 
humidity  set  to  less  than  75  percent*  Pedestal  performance  tests 
were  taken. 

(b)  The  temperature  was  raised  to  163®  ±  3®P  fo**  a  period  of  four 
hours.  The  relative  humidity  was  uncontrolled. 

(c)  The  temperature  was  lowered  to  1^3®  ±  3®E  and  the  relative 
humidity  remained  uncontrolled.  Pedestal  performance  tests  were 
made  within  20  minutes  of  the  time  these  conditions  were  met. 

(d)  The  temperature  was  lowered  to  -68®  ±  3®P  for  a  period  of 
hours  with  the  relative  humidity  uncontrolled. 

Ihe  results  of  the  next  14.8  hours  of  the  test  are  given  in  log 
fom.  Table  Kl  shows  temperature  readings  taken  during  that  Interval 
of  tine. 

October  28,  1958 

«  9t00  AM  Heater  off.  Thermocouple  readings  as  shown*  Attempted 

to  start  motor.  Ammeter  needle  went  off  scale  (lOOA) 
came  back  to  approximately  90A  for  a  second  or  two  and 
then  fuse  blew.  Replaced  fuse  end  tried  to  turn  pedestal 
with  hand  crank.  Found  immovable*  Turned  heater  switch 
on.  No  heat  as  evidenced  from  No.  13  thermocouple  read¬ 
ing*  Check  of  control  box  showed  voltage  to  be  present 
across  relay.  Removed  access  door  and  contactor  box 
door  to  check  voltage  to  relay  and  heater  continuity. 
From  this  time  on  (approx.  10t20)  the  above  doors  were 
left  off.  Heater  trouble  was  traced  to  the  relay  being 
stuck  and  it  was  shorted  out. 

*  llt^O  AM  Heater  turned  on. 

12:00  PM  Turned  slightly  and  with  great  difficulty  by  hand  crank. 

12:10  PM  Tried  to  start  and  blow  fuse, 

2:00  PM  Pedestal  allowed  to  cool  for  over  an  hour.  An  investi¬ 
gation  then  indicated  that  the  fuses  being  used  in  the 
contactor  box  were  not  slow  blow  fuses.  Since  none  were 
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*  2:00  PM 
(oont'd) 

*  3  **45  PM 

*  3:55  PM 


4:15  PM 
4:25  PM 

4:30  PM 

4:35  PM 
4:45  PM 


7 too  m 

«■  10:05  PM 


available,  steel  slugs  were  substituted  for  the  fuses. 
However  4^^  slow  blow  fuses  were  in  series  with  the 
line  at  the  power  box.  It  was  decided  to  wait  the 
full  30  minutes  after  heaters  were  turned  on. 

Turned  heater  on. 

Thermoeouple  readings  taken  to  see  If  there  was  any 
appreciable  difference  over  the  12:00  noon  figures 
because  of  the  slightly  higher  Initial  temperatures. 

The  heater  was  than  left  on  for  20  minutes  more  before 
attempting  to  start. 

Attempted  to  start  motor  by  holding  start  switch  5  to 
10  seconds.  Ammeter  needle  went  off  scale,  returned 
and  held  at  approximately  90A,  No  start. 

Same  as  4:15« 

Pedestal  turned  with  hand  crank.  Effort  expended 
approximately  1  <-1/2  times  that  at  room  temperature. 

Same  as  4:15* 

Pedestal  started  to  turn  very  slowly  and  came  up  to 
speed  In  a  few  seconds.  Ran  for  about  2-1/2  minutes 
with  oil  flow  Indicating  normal  and  then  shut  down. 
Tried  to  s  tart  again  and  pedestal  came  right  up  to 
speed  but  shut  down  after  about  two  minutes.  Meters 
showed  momentary  peak  of  90A  and  then  returned  to 
normal  running  current.  Motor  cut  out  traced  to  -10 
thermostat. 

The  pedestal  was  allowed  to  cool  down  before  trying 

again. 

No  heat,  pedestal  started  right  up,  oil  flow  indicated 
normal,  and  motor  was  cut  out  approximately  two 
minutes  after  start.  Indications  were  that  either 
the  oil  level  dropped  below  the  thermostat  exposing 
it  to  the  cold  air  or,  with  the  oil  circulating,  cold 
oil  was  being  brought  into  contact  with  the  thermostat. 
Another  gallon  of  oil  was  added  to  the  pedestal,  but 
with  the  same  results.  Left  to  soak  overnight. 
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*  9:08  AM 

9:11  AM 
**  9:40  AM 

AM 

*  10:10  AM 

*  10:3$  AM 

*  10:55  AM 

«  11:15  AM 

*  11:32  AM 

«  12:12  PM 

*  1:44  PM 

2:00  PM 


October  29»  1958 

No  heat,  pedestal  started  right  up,  ran  for  a  couple 
of  minutes  and  then  was  shut  off*  The  motor  control 
thez«mostat  was  shorted  out*  Pedestal  performance 
tests  were  made. 

Heater  turned  on. 

Minus  10  thermostat  closed.  Thermocouple  No.  17  read 
68®P.  Number  12  read  -13“P. 

Pedestal  started.  Number  17  read  +85‘*P.  Pedestal 
stopped  after  two  minutes.  Number  17  read  35  to  40‘’F* 

Pedestal  started.  Number  I7  read  +91®P.  Pedestal 
stopped  after  3  minutes.  Number  I7  read  +30°P. 

Pedestal  started.  Number  17  read  +84“P,  Pedestal 
stopped  after  3“l/4  minutes.  Number  I7  read  +30®P, 

Heater  vbs  shut  off  for  about  two  minutes,  during  the 
period  between  this  and  the  last  reading.  Pedestal 
started  and  ran  for  3-1/2  minutes.  Number  15  read 
-49*P  reached  a  peak  of  +55®P  and  dropped  to  30®P 
when  the  motor  shut  down. 

Ran  4  minutes.  Number  15  started  at  -40  rose  to  +40 
then  dropped  to  28  as  thermostat  opened. 

The  pedestal  was  started  and  allowed  to  run  until  It 
shut  down.  Then  after  a  one  minute  period,  it  was 
started  again  and  allowed  to  run  until  It  was  tripped 
by  the  thermostat.  This  procedure  was  continued  for 
40  minutes  with  the  pedestal  being  unable  to  rotate 
continuously  for  any  great  length  of  time.  At  the 
same  time,  thermocouple  readings  were  taken  every  five 
minutes. 

The  thermostat  was  shorted  and  the  pedestal  allowed 
to  rotate  during  the  lunoh  break. 

Reading  taken  after  lunoh. 

Last  reeding  taken  during  this  particular  run. 


*  Temperature  reading  taken  before  start  of  test. 
■IH»  Temperature  reading  taken  after  start  of  test. 
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(e)  The  temperature  was  raised  to  77®P  ±  3*^  with  relative  humidity 
less  than  7$  per  cent.  Pedestal  performance  teats  were  performed 
within  30  minutes  of  the  time  that  these  conditions  were  reached. 

Teat  Results 


Table  K2  tabulates  the  results  of  the  temperature  tests  from 
the  procedure  above.  Malfunctions  found,  and  solutions  provided 
are  given  In  part  d  of  Phase  3  In  Section  I|., 
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TABLE  K2.  TEMPERATURE  TEST  DATA  SHEET 


Observed  Data 


STEP 

(a) 

(0) 

(d) 

(e) 

TIME 

10/2U/58 

10/25/58 

10/29/58 

10/30/58 

2:30pm 

8!05am 

9: 08am 

9:20am 

Operating  Voltage-—- 

“^1 

126 

126 

115 

120 

^2 

126 

126 

11^ 

120 

126 

126 

115 

120 

Starting  Current-amps-Ii 

90 

92 

92 

86 

^2 

92 

92 

92 

88 

4 

92 

92 

92 

86 

Time  to  Attain  Speed 

Inst. 

Inst. 

Inst. 

Inst. 

Operating  Current -amps -It 

7.7 

8.2 

8.i^ 

6.8 

I2 

9.2 

9.2 

10.0 

8.0 

8,6 

8.5 

8.6 

8.0 

Power-watts-———— 

-Wi 

240 

220 

230 

220 

W2 

190 

170 

200 

200 

^3 

140 

120 

140 

110 

Pedestal  Speed -RPM—max« 

6.2 

6,2 

6.2 

6,2 

Thermocouple  Readllng; 

s  (deg 

II 

Position 

No, 

Outer  Casting 

7 

150 

-65 

77 

Thermostat  Well 

8 

78 

150 

-65 

77 

Inner  Casting  #1 

9 

78 

150 

-65 

77 

Inner  Casting  #2 

10 

78 

150 

-65 

77 

Rotary  Joint- 

Floating  NT. 

11 

78 

150 

-65 

77 

Oil  Filter  Top 

12 

78 

150 

-65 

77 

Thermostat  (Oil) 

150 

-65 

77 

Heater 

14 

78 

150 

“65 

77 

Oil -Dip  Stick 

1$ 

78 

150 

-65 

77 

Oear  Mesh  Oil  Tube 

16 

78 

150 

-65 

77 
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ADOENDtJM  L 

OVERTDEKINa  MCMENT,  AN'IENNA  ERECTION 


Wh«n  tha  reflector  1b  Bsaeiddled  about  Ita  pivot  point  vlth  Its 
top  on  the  ground »  Ita  center  of  gravity  haa  a  mooient  arm  of  72 
inehea  from  the  pivot  point.  See  figure  I-i. 

Realatlng  Moment i 

Mr  *  (Xr)  (w)  -  (72")  (1600^^)  ■  115,200  Inoh-lba. 

Mr  »  s  9600  ft-lba. 

12 


Cable  Tenalon: 


(52.5)Pi  «  Mr 

F.  s  b  2200  Iba* 

52*5  Inohea 


When  the  reflector  la  paaalng  thru  the  "tranafar  point,"  the 
load  la  gradually  tranaferred  from  the  lifting  cable  to  the  lowering 
cable  of  the  bridle.  The  overturning  moment  goea  from  9600  foot-lba., 
thru  aero,  then  gradually  rlaea  to  a  poaltlve  maximum  Juat  before 
the  reflector  la  erected. 

Poaltlve  Moment: 

Mp  ■  (Tp)  (W)  B  (63")  (1600*)  B  100,000  Inch-lba. 

Mp  B  '^9Pi^P2  m  6k00  foot-lba. 

Cable  Tenalon I 

Pp  B  lPPl§P2:  m  1500  Iba, 

67  Inohea 


In 
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ADDENDUM  M 

TESTS  OK  QROUND  ANCHORS 


1.  Screw  Type  Anohora 

The  earth  anchor  selected  for  the  most  common  soil  condi¬ 
tions  (Classes  $  &  6)  la  A*B.  Chance  Coa^any’s  No.  1C114.6»  a  10  Inch 
diameter  screw  anchor  with  a  66  Inch  long  shank.  Its  holding  power 
Is  rated  at  10,000  pounds  and  QpOOO  pounds  for  soil  classes  5  and  6 
respectively. 

The  ease  with  which  this  anchor  could  be  set  In  position 
was  demonstrated  for  attending  USASRDL  personnel  at  Hazeltlne  Corp. 
Manufacturing  facility,  Greenlawn,  N.Y.  The  anchor  was  rotated  and 
driven  Into  the  ground  (Class  5  soil)  In  approximately  six  minutes. 
Removal  was  accomplished  with  greater  ease  In  approximately  four 
minutes. 


To  teat  Its  holding  power  In  this  soil,  the  anchor  was 
driven  Into  the  ground  and  subjected  to  a  pull  test.  Between  the 
shank  eye  of  the  burled  anchor  and  the  cable  of  an  M-35  truck  winch, 
a  dynamometer  of  10,000  pound  capacity  was  shackled.  With  the 
winch  operating,  a  10,000  pound  load  was  slowly  applied  to  the 
screw  anchor.  With  the  load  maintained  at  10,000  pounds,  the  anchor 
remained  firmly  embedded* 

2.  Arrow  Head  Anchor 

The  arrow  head  anchor  la  recommended  for  use  In  soil 
Classes  3  and  rated  at  11,000  pounds  holding  power  when 

used  in  hardpan.  In  order  to  use  these  anchors,  holes  must  be  dug 
and  the  anchors  inserted  and  burled.  Either  this,  or  the  screw 
anchor  previously  described,  may  be  used  In  Class  4  soil,  whichever 
is  more  expedient  under  field  conditions.  Generally  speaking,  this 
anchor  may  be  used  wherever  the  field  conditions  are  unfavorable  for 
the  use  of  the  screw  type  anchor.  This  type  of  anchor  must  be  dug 
out  to  remove,  whereas  the  screw  type  anchor  can  be  backed  out  by 
tvucnlng  Its  rod  counter-clockwise. 

3.  Rook  Anchor 

The  anchor,  recommended  for  Class  1  soil  conditions, Is 
the  expanding  type  manufactured  by  A.B.  Chance  Co.  The  use  of  this 
anchor  requires  the  drilling  of  a  hole  1  7/d”  in  diameter  and  one 
foot  deep  In  the  rook.  The  anchor  is  slid  down  into  the  hole  in  the 
rook,  and  the  rod  turned  clockwise,  causing  the  anchor  to  expand  and 
wedge  tightly  against  the  Inside  of  the  hole. 
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In  this  case  It  would  be  necessary  to  Include  a  power 
Impact  tool  (electric  or  pneumatic)  and  cutting  tools  to  drill  the 
anchor  holes.  Since  the  cutting  tool  is  a  perishable  tool,  a  means 
of  re-sharpenlng  or  replacement  at  the  site  should  be  considered. 
Operation  In  rocky  terrain  will  also  bo  limited  by  the  capabilities 
of  the  supporting  vehicles,  and  for  these  reasons  is  generally  not 
considered  feasible. 

1)..  Operation  of  the  equipment  in  swamps  and  marshes  (Class  8) 
WPS  not  considered  feasible  owing  to  the  Inability  of  the  supporting 
vehicles  to  negotiate  this  type  of  terrain. 
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